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BIO9905MERG1 ‐ Bioinformatics 
for DNA‐metabarcoding and 
environmental Sequencing

Welcome!

Galina Gusarova

Organization
• Mix of lectures + hands on sessions

• Basic  advanced (different starting points)

• Hands on: Work two and two together Better learning
outcome + need less capacity at Abel

• High variation in experience. Experienced students 
help less experienced ones!

• We will connect to Abel and run analyses there
security issues (passwords)

• Kitchen upstairs – room 4213 (tea, coffee, etc.)

• Pizza Monday evening at ~5pm.

• Contact: haavarka@ibv.uio.no or 99697116

Report
• Should describe a factual or fictive DNA metabarcoding study.

• You should describe the various analytical steps and especially emphasise
the bioinformatics parts. 

• You should not only write how the data are analyzed but also why you
select to analyse the data in a certain way

• Report: Provide a minimum 3 page report with deadline 28 April

Schedule

Somewhat flexible program – will be small breaks in‐between

BIO9905MERG1 ‐ Bioinformatics 
for DNA‐metabarcoding and 
environmental Sequencing

Welcome!
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metagenomics

DNA metabarcoding

rDNA phylotyping

amplicon sequencing

environmental sequencing

metatranscriptomics

metagenetics

Some confusing / important terms

Community profiling

• Metabarcoding

• Metagenomics

• Metatranscriptomics

Sequence
variation in a 
single locus
(e.g. 16S) 

Genome wide
sequence
variation

Mixed DNA templates

Mixed DNA templates

cDNA 
sequence 
variation

Mixed RNA

Some important terms

• Metabarcoding

• Metagenomics

• Metatranscriptomics

Sequence
variation in a 
single locus
(e.g. 16S) 

Genome wide
sequence
variation

Mixed DNA templates

Mixed DNA templates

cDNA 
sequence 
variation

Mixed RNA

Some important terms

Who are
active and 
doing what?

Who are
there?

Which genes 
(and who) are
there?

Terminology

Pierre Taberlet

metagenomics

DNA metabarcoding

rDNA phylotyping

amplicon sequencing

environmental sequencing

metatranscriptomics

metagenetics

Some confusing / important terms

Community profiling

DNA metabarcoding

• Research questions:

– Who are there? 

– How many taxa / operational taxonomic
units (alpha/gamma diversity)?

– Compositional differences (beta diversity)?

– Who are common – who are rare? 

– Co‐occurrence patterns Interactions

– Which processes and drivers are shaping 
the communities?

– Ecosystem processes: What are they
doing..?   indirect evidence FunGuild
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• A largely descriptive field of science

• Often functions as a first step looking into
largely uncharacterized habitats and study
systems

• Often generates hypotheses that can be 
addressed more in‐depth with more taxon
specific approaches

DNA metabarcoding

Primary phase
• Poor replication
• Lack of controls
• Lack of insight into

important biases
• Poor bioinformatics

approaches
• Etc.

DNA metabarcoding: From ‘wild west’ towards
an established approach?

Established scientific
approach with a set of
widely accepted
guidelines

DNA (RNA) extractionLibrary preparation

HTS

Sample

Bioinformatics Biostatistics Sample data

General workflow in DNA 
metabarcoding studies

DNA (RNA) extractionLibrary preparation

HTS

Sample

Bioinformatics Biostatistics Sample data

General workflow in DNA 
metabarcoding studies

Qualitative and quantitative (?) 
characterization of taxonomic composition

DNA metabarcoding ‐many steps

Many
steps…

Lindahl et al. 2013

… to go
wrong

DNA metabarcoding ‐many steps

Many
steps…

Lindahl et al. 2013

… to go
wrong
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DNA metabarcoding ‐many steps

Many
steps…

Lindahl et al. 2013

… to go
wrong

If new study system – conduct a pilot?

• Which sampling scheme? 

• How many replicates?

• Which sequencing depth? 

• Which sequencing technique?  

• Etc.

 Depends on the alpha, beta and 
gamma diversity (which you don’t
know)..

Sampling strategy

• Must be planned based on the aims
and current knowledge about the
study system

• Randomization! Experimental 
subjects must be allocated to 
treatment groups at random

• Proper replication! The more times 
something is repeated, the greater 
the confidence of ending up with a 
genuine result

«Replicate or lie»

It doesn’t help that you
are dealing with HTS data if
you don’t replicate properly!

Biological + technical replicates!!

• Some samples should be analyzed multiple times

• The point is to reveal the variability (experimental 
error) of the analysis technique, thus allowing one to 
set limits for what is meaningful / significant data

Davey et al. 2015
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Biological + technical replicates!!

• Some samples should be analyzed multiple times

• The point is to reveal the variability (experimental 
error) of the analysis technique, thus allowing one to 
set limits for what is meaningful / significant data

Botnen et al. 2015

Biological + technical replicates!!

• Some samples should be analyzed multiple times

• The point is to reveal the variability (experimental 
error) of the analysis technique, thus allowing one to 
set limits for what is meaningful / significant data

Davey et al. 2015

DNA extraction

DNA extraction
• Extraction protocols should yield high and uniform amounts 

of DNA, while the concentration of PCR inhibitors is minimized

• Same protocol should be used for all samples!

• If no proper literature or experimental evidence are available
on your study system / substrate – conduct a pilot?!

• Extraction negatives!

‐MoBio Power Soil?
‐ FastDNA kit for Soil?
‐ EZNA Soil kit?
‐ CTAB + cleanup kit?

DNA extraction
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Markers in DNA metabarcoding

• Standard markers:

– 18S: Eukaryotes

– 16S: Bacteria/archea

– ITS: Fungi (plants)

– COI: Metazoa

– RbcL: Plants

– trnL: Plants

– ITS: Plants

Markers in DNA metabarcoding
• The ideal marker:

– Have primer sites that are shared by all target organisms 
and easy to amplify

– Be of appropriate length for efficient amplification and 
sequencing

– Should preferably be of similar length

– No intragenomic variation (i.e. no paralogs)

– Be possible to align

– Have high interspecific variation

– Have  low intraspecific variation

• No known markers meet all these requirements!

ITS and primer bias

Markers in DNA metabarcoding
• The ideal marker:

– Have primer sites that are shared by all target organisms 
and easy to amplify

– Be of appropriate length for efficient amplification and 
sequencing

– Should preferably be of similar length

– No intragenomic variation (i.e. no paralogs)

– Be possible to align

– Have high interspecific variation

– Have  low intraspecific variation

• No known markers meet all these requirements!

(Intra)genomic variability in 16S

1,690 bacterial genomes
with 7,081 16S copies
analyzed
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Markers in DNA metabarcoding
• The ideal marker:

– Have primer sites that are shared by all target organisms 
and easy to amplify

– Be of appropriate length for efficient amplification and 
sequencing

– Should preferably be of similar length

– No intragenomic variation (i.e. no paralogs)

– Be possible to align

– Have high interspecific variation

– Have  low intraspecific variation

• No known markers meet all these requirements!

Markers in DNA metabarcoding
• The ideal marker:

– Have primer sites that are shared by all target organisms 
and easy to amplify

– Be of appropriate length for efficient amplification and 
sequencing

– Should preferably be of similar length

– No intragenomic variation (i.e. no paralogs)

– Be possible to align

– Have high interspecific variation

– Have  low intraspecific variation

• No known markers meet all these requirements!

The barcoding gap How conserved/variable are the marker?

• 18S: Low variability, low intraspecific variation, low
interspecific variation

• 16S: Low variability, low intraspecific variation, low
‘interspecific’ variation

• ITS: High variability, (relatively) high intraspecific variation, 
(relatively) high ‘interspecific’ variation

• Affect how some of the bioinformatics analyses should be 
conducted!! (i.e. no single way)

PCR

• Different relevant factors during PCR:

– Which polymerase enzyme (proofreading or not)?

– Which RAMP speed?

– How many cycles?

– Which annealing temperature?

– Multiple/replicate PCR reactions followed by pooling?

– PCR negatives!
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PCR‐induced errors
• PCR mutations: polymerase enzyme introduces an erroneous

nucleotide
– Dependent on the technology whether these becomes «visible»

– In classic (direct) Sanger sequencing such errors become «diluted»

– In methods where your final sequence is derived from a single PCR‐
amplified DNA template they become visible and must be corrected
for!

Sanger
Illumina

PCR‐induced errors

PCR‐induced errors The true/ parental 
sequence. 

PCR‐induced errors The true/ parental 
sequence

Same structure as 
natural variaton…

The barcoding gap PCR‐induced errors
• Chimeric sequences

PCR
Template

PCR amplicon

The level of chimeric
sequences depends on
how variable the marker 
is!

Can reduce the problem 
with PCR settings
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Tag switching (tag jumping, bleeding, leaking, etc.)

library sequences

Sample 1

Sample 1

Sample 1

Sample 2

Sample 2

Sample 2

Sample 2

Will lead to 
numerous false 
positives!

Tag switching

“We found that an average of 2.6% and 
2.1% of sequences had tag combinations, 
which could be explained by tag 
jumping...”

Tag switching

• The problem can be reduced or controlled for by:
– Tagging in both ends with unique tag combinations

– Rinse the PCR amplicons thouroughly

– Avoid PCR steps during the final library preparations steps before
sequencing (i.e. when adaptors are introduced)

– Include positive and negative controls identify the level of
switching/leakage

– (Drastic) ad hoc solution: Process your OTU/sample matrix by 
removing low frequency occurrences

Library preparation

• Normalization step before pooling of amplicons into
a library by: 

– DNA concentration measurments?

– Normalization kit (plate)?
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Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Bioinformatics – main steps Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Remove
‐ Poor
‐ Long/short sequences

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Forward

Reverse

‘Consensus’

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Library 1

Library 2

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
……

Sample 1
Sample 1
Sample 1
Sample 1
Sample 1
Sample 1
Sample 1
……

Sequencing run
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Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

(6)
(4)
(3)
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Demultiplexing
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Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

OTU1

OTU2

OTU3

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

de novo versus closed (reference
based) OTU construction?

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

de novo versus closed (reference
based) OTU construction

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Mahé et al. 2014
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Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

The parental (true) sequence

 Amplicon sequence
variant (ASV) in DADA2

How conserved/variable are the marker?

• 18S: Low variability, low intraspecific variation, low
interspecific variation

• 16S: Low variability, low intraspecific variation, low
‘interspecific’ variation

• ITS: High variability, (relatively) high intraspecific variation, 
(relatively) high ‘interspecific’ variation

• Affect how some of the bioinformatics analyses should be 
conducted!! (i.e. no single way)

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

PCR
Template

PCR amplicon

De novo versus reference based chimera checking

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

PCR
Template

PCR amplicon

De novo versus reference based chimera checking

The level of chimeric sequences depends on how
variable the marker is!  Be aware of false positives 
in the tests

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Simple matching  probabilistic assignment
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Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing
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OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation
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OTU1 OTU2

OTU3

OTU4

Over‐splitting
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OTU modifications

Positive negatives

Singleton removal
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Over‐splitting

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation Should be very careful how you treat positive negatives!!

Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

What is a ‘singleton’?
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Bioinformatics – main steps
Quality control

Produce contigs

Demultiplexing

Dereplication

OTU construction

Chimera checking

Taxonomic annotation

Removal of non‐target organisms

Cleaning of tag bleeding

OTU modifications

Positive negatives

Singleton removal

Data transformation

Be careful with resampling
and transformations!

Check the effect from 
various data treatments
options on the results!

The importance of controls

• Technical replicates

• Extraction negatives

• PCR negatives

• Positive control(s)

Different purposes

Conclusions

• Which methods to use? No general answer – it’s
context dependent! Must argue for your choices


