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Overview
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DNA 
eDNA 
RNA

Marker Gene Analysis

• PCR 
• Sequencing 
• OTU clustering / amplicon sequence variant 
• Database comparison 
• Taxonomic / phylogenetic classification

Assembly

• Metagenome assembly 
• Metatranscritpome assembly

Binning
• Composition clustering / classification 
• Database comparison 
• Genome comparison
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Please think! Cleaning and/or filtering your raw data might 
safe you some toubles. 

!
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SampleA SampleB SampleC

Amplicon-Sequencing
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Classification

Reference

CLUSTERING / ASV

OTU1

OTU2

OTU3
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A B C

Sample A

Sample B

Sample C

Count Table

A B C

OTU1 7 10 2

OTU2 6 2 1

OTU3 0 0 7

Total 13 12 10
Sequening Depth
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SampleA SampleB SampleC

Metagenome-Sequencing
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Sequencing

ASSEMBLY / CLUSTERING

Annoation

Reference
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d

A B C A B C

GO 10 3 1

EC 4 8 2

MP 0 0 9

Total 14 11 12

Enzyme Commission Number (EC) 
Gene Ontology (GO) 
Metabolic Pathway (MP)

A B C

7 4 2

0 0 9

7 7 1

14 11 11
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Data 
Preparation
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Raw Reads Check List

Trim ends

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2

R1 only

R1 R2

Primer 
Trimming

Quality Filtering

R1

Quality Filter 

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2
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Check-List 

1. Download data (if possible via terminal e.g. sftp, wget) 

2. Verify file integrity (md5sum) 

3. Check data: Nsamples = NR1 = NR2 

4. Blast a few random reads 

5. Run a quality control (e.g. FastQC, FastScreen) 

6. Look at the read size distribution 

7. Check fastq header - how many runs? 

8. Check for PhiX "contamination" 

9. Have a closer look at your control (negative) samples 

10. Archive a copy of the raw data 

11. Submit the raw data (e.g. ENA)
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Raw Reads 
Illumina paired-end Check List

Trim ends

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2

R1 only

R1 R2

Primer 
Trimming

Quality Filtering

R1

Quality Filter 

Merge Reads

Primer 
Trimming

Filtering

R1 R2
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Raw Reads 
Illumina paired-end Check List

Trim ends

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2

R1 only

R1 R2

Primer 
Trimming

Quality Filtering

R1

Quality Filter 

Merge Reads

Primer 
Trimming

Filtering

R1 R2
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Preparing NGS reads for OTU and denoising analysis 
(7 minutes)

https://www.youtube.com/watch?v=lxI0Iwqlt8E&feature=youtu.be
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Amplicons

Custering

Count tables

ASV*1

Count tables

*1 ASV: Amplicon Sequence Variant

OTUs*2 ZOTUs*2

UPARSE UNOISE

*2 ZOTU: (Zero-Radius) Operational Taxonomic Units

map reads to (Z)OTUs 
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Measuring diversity by 16S sequencing 
(14 minutes)

https://youtu.be/Ga7NjmkSQe4
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Taxonomy reference databases for 16S 
(17 minutes)

https://youtu.be/89qUZe-AQZE
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• NCBI 16S 

• SILVA SSU & LSU 

• Ribosomal Database Project RDP 

• GreenGenes 

• EzBioCloud 

• …

OTU1 

OTU2 

OTU3 

OTU4 

OTU5

OTU - Annoation (-Prediction)

Reference
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16S taxonomy and sequence identity 
(8 minutes)

https://youtu.be/8vATfij_dWc
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(Z)OTU - Annoation (-Prediction)

(Z)OTUs

Phylogenetic 
Analysis

PhyloSeq

MapFile  
(MetaFile)

OTU Table + Taxa

Count table

Reference DB

Taxonomic 
Prediction

Kingdom: Bacteria (1.00) 
Phylum: Firmicutes (0.99) 
Class: Bacilli (0.97) 
Order: Lactobacillales (0.95) 
Family: Lactobacillaceae (0.91) 
Genus: Lactobacillus (0.63)
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Taxonomy prediction methods for 16S sequences 
(10 minutes)

https://www.youtube.com/watch?v=S-NCtnwGsFk&feature=youtu.be
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Workflows
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Scientific QuestionA1

Sample Design (e.g. NC, PC, Nrep, Nsamples, Nruns)A2

Sample Collection (e.g. time, location, contamination)A3

Sample Storage (e.g. EtOH, ice)A4

Sample Processing (e.g. DNA/RNA isolation)A5
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Amplicon Design (e.g. size and region)B1

Primer Design (e.g. two-step PCR)B2

Library Preparation (e.g. two-step PCR)B3

SequencingB4

Quality Control (e.g. FastQC and FastScreen reports)B5
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Read Merging > AmpliconsI1

Primer TrimmingI2

Quality FilteringI3

Clustering / Amplicon Sequence VariantsI4

Count TableI5

Illumina - Paired-end data
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De-multiplexingP1

In-silicon PCR with Size SelectionP2

Quality FilteringP3

Clustering / Amplicon Sequence VariantsP4

Count TableP5

PacBio - CCS Data
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(Quality) Filtering (e.g. complexity filter)M1

Clustering / Sorting (e.g. rRNA removal)M2

Meta - Genome/Transcriptome AssemblyM3

Taxonomic AnnotationM4

Functional AnnotationM5
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MORE 
T H I N G S 

CONSIDERED
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DNA

DNA Fragmentation

Sequencing

Data Analysis

Metagenomics

Ligation

DNA

Primer Design

PCR(s)

Sequencing

Data Processing

Data Analysis

Amplicon Sequencing

Library Prep
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DNA

Primer Design

PCR(s)

Sequencing

Data Processing

Data Analysis

Amplicon Sequencing
• sampling / sampling design 
• extraction method 
• contamination

Library Prep
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What do I collect and when do I collect my samples? 

How do I store my samples? 

What is the expected diversity of my sample(s)? 

What is the required depth of sequencing per sample? 

How many samples / replicates will be needed? 

What is the trade off between coverage and replicates? 

How much money do we have?

▶︎ Pilots are very useful 
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Method A Method B

DNA Extraction Method Bias

Method A Method A
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DNA

Primer Design

PCR(s)

Sequencing

Data Processing

Data Analysis

Amplicon Sequencing
• sampling / sampling design 
• extraction method 
• contamination

• specificity 
• quality

Library Prep
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max. 550bp

conserved | variable | conserved

35

Primer Design

‣ traget specific - avoid false priming 
‣ universal for all trageted species 
‣ amplicon size 
‣ avoid / limit amplicon size variation 
‣ optimize PCR condition 
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http://rdp.cme.msu.edu/

Ribosomal Database Project

16S rRNA

V1 V2 V3 V4 V5 V6 V7 V8 V9

1.5kb1.0kb0.5kb0kb
16S rDNA

conserved variable (species specific)

http://rdp.cme.msu.edu
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V1 V2 V3 V4 V5 V6 V7 V8 V9

1.5kb1.0kb0.5kb0kb
16S rDNA

conservedvariable (species specific)

19 - 38
5'- TGG CTC AGR WYG AAC GCT RG -3'
Archaea: 0 %
Bacteria: 75.8 %
Eukaryotes: 0 %

8 - 23
5'- TCY GGT TGA TCC TGC C -3'
Archaea: 65.1 %
Bacteria: 0 %
Eukaryotes: 11.1 %

517 - 533
5'- GCC AGC AGC CGC GGT AA -3'
Archaea: 1.6 %
Bacteria: 95.7 %
Eukaryotes: 92.3 %
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The primer(s) should equally amplify the target regions of the different 
species/individuals!

x x

x

x

x

target region

mismatch

primer

PCR efficency and primer mismatches 
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Degenerated primers

target regions

primer

A group of degenerate oligonucleotides contain related 
sequences with differences at specific locations. These are 
used simultaneously in the hope that one of the sequences 
of the oligonucleotides will be perfectly complementary to a 
target DNA sequence.

5’-ATCCATCACACTTACGTTGTCACCATT-3’
5’-ATCCGTCACACTGACGTTGTCAGCATT-3’

5’-ATCCRTCACACTKACGTTGTCANCATT-3’

http://www.bioinformatics.org/sms2/iupac.html

Wobble bases

http://www.bioinformatics.org/sms2/iupac.html
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gDNA

primer

upper marker

lower marker

amplicon

laddersample

Primer Quality and PCR Contitions
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Desalted Oligonucleotides 

  Residual of low molecular by-products arising and accumulating from the frequent chemical 
reactions during synthesis are removed. Such purification is sufficient for oligonucleotides shorter 
than 30 and/or oligonucleotides used for non-critical applications such as PCR, sequencing, probing, 
mobility shift or hybridization. However, desalted oligos are not recommended for use in molecular 
cloning projects.

HPLC-Purified Oligonucleotides 

  Oligos <50 bases in length can be well purified via Reverse Phase HPLC. Through this purification 
approach, preferably residual, n-x truncated oligos (lacking the hydrophobic DMT protection group at 
the 5’ end) are removed. This results in a 90-95% purity of the targeted oligonucleotide. RP-HPLC is 
useful for a higher level of purity required for more demanding applications such as cloning, DNA 
fingerprinting, real-time PCR, FISH, etc.

PAGE-Purified Oligonucleotides 

  Polyacrylamide gel electrophoresis (PAGE) purification is generally necessary for long oligos (>50 
bases) and for all those primers with critical 5' sequences (restriction endonuclease sites, RNA 
promoters). It is the best method to differentiate full-length oligos from aborted sequences (n-1 
oligos), based on size, conformation and charge. PAGE purification has an excellent resolution and 
yields a product that is, on average, 95-99% pure. This type of purification is highly recommended 
for sensitive experiments such as cloning, mutagenesis, DNA fingerprinting, in situ hybridization, gene 
synthesis, etc.

Source: http://www.microsynth.ch

http://www.microsynth.ch
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DNA

Primer Design

PCR(s)

Sequencing

Data Processing

Data Analysis

Amplicon Sequencing
• sampling / sampling design 
• extraction method 
• contamination

• specificity 
• quality

• PCR conditions and setup 
• number of cycles and PCRs

Library Prep
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Number of PCR Cycles
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DNA

Primer Design

PCR(s)

Sequencing

Data Processing

Data Analysis

Amplicon Sequencing
• sampling / sampling design 
• extraction method 
• contamination

• specificity 
• quality

• PCR conditions and setup 
• number of cycles and PCRs

• Ligation bias 
• Clean-up

Library Prep
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A

C

Adaptor

C

C

A

AAdaptor

Adaptor

Adaptor

Ligation Bias
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DNA

Primer Design

PCR(s)

Sequencing

Data Processing

Data Analysis

Amplicon Sequencing
• sampling / sampling design 
• extraction method 
• contamination

• specificity 
• quality

• PCR conditions and setup 
• number of cycles and PCRs

• quality / complexity / depth 
• read-length / amplicon-length 
• cross-talk, carry-over

• Ligation bias 
• Clean-up

Library Prep
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Cross-Talk (Index-Switching)

ACTCGA
ATGCGT
ACTCGA
ATGCGT
ATGCGT
ACTCGA
ACTCGA
ACTCGA

ATGCGT
ATGCGT
ATGCGT
ACTCGA

ACTCGA
ACTCGA
ACTCGA
ACTCGA

Sample A

Sample B
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Carry-over (Contamination)
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DNA

Primer Design

PCR(s)

Sequencing

Data Processing

Data Analysis

Amplicon Sequencing
• sampling / sampling design 
• extraction method 
• contamination

• specificity 
• quality

• PCR conditions and setup 
• number of cycles and PCRs

• quality / complexity / depth 
• read-length / amplicon-length 
• cross-talk, carry-over

• quality filtering 
• error removal (e.g. chimeras, sequencing errors) 
• diversity

• Ligation bias 
• Clean-up

Library Prep
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Raw Reads 
MiSeq paired-end 
500 / 600 cycles 

Quality Control

Trim ends

R1 R2

Merge Reads

R1 R2

Merge Reads

R1 R2
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PCR Amplicon

Adapter 1 Adapter 2

R1

R2

300nt

300nt

R1 R2

Q(R1) > Q(R2)
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Quality scores for merged paired-end reads
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Raw Reads 
MiSeq paired-end 
500 / 600 cycles 

Quality Control

Trim ends

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2

Merge Reads

Primer 
Trimming

Quality Filtering

R1 R2
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Amplicons

Custering

Count tables

ASV*

Count tables

* ASV: Amplicon Sequence Variant

OTUs ZOTUs

UPARSE UNOISE
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SpeciesA: ACCGGGCATACGTAGCAACAACGGTGTATA
          |||  ||||||||||||||  || | | |
SpeciesB: ACCATGCATACGTAGCAACTTCGCTCTTTC

Chimera Formation
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Chimera Formation

TGGCCC➜
Primer

ACCGGGCATACGTAGCAACAACGGTGTATA

ACCATGCATACGTAGCAACTTCGCTCTTTC
TGG CC

C

PCR

SpeciesA: ACCGGGCATACGTAGCAACAACGGTGTATA
          |||  ||||||||||||||  || | | |
SpeciesB: ACCATGCATACGTAGCAACTTCGCTCTTTC
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ACCGGGCATACGTAGCAACTTCGCTCTTTC

TGGCCCGTATGCAT➜
ACCGGGCATACGTAGCAACAACGGTGTATA

TGGCCCGTATGCAT

ACCGGGCATACGTAGCAACAACGGTGTATA

TGGCCCGTATGCAT➜
ACCATGCATACGTAGCAACTTCGCTCTTTC

Extention

Denaturation
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ACCATGCATACGTAGCAACA

ACCATGCATACGAAGCAACA

ACCATCCATACGAAGCAACA

PCR

Sequencing

PCR / Sequencing Errors
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READ1: ACCATGCAAACGTAGCAACA
READ2: ACCATGCAAACGTAGCAACA
READ3: ACCATGCATACGTAGGAACA

READ1
READ2

READ3

=> abundance filtering 

=> cluster threshold
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OTU_1

OTU_2

OTU_3

OTU_1
OTU_2
OTU_3
OTU_4

OTU_5

OTU_6

ID 99% ID 97%

OTU_7
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OTUs

Phylogenetic 
Analysis

PhyloSeq

MapFile  
(MetaFile)

OTU Table + Taxa

Count table

Reference DB

Taxonomic 
Prediction
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DNA

DNA Fragmentation

Sequencing

Data Analysis

Metagenomics

Ligation

• sampling / sampling design 
• extraction method 
• contamination

• Ligation bias 
• Clean-up

• Fragmentation bias

• quality / complexity / depth 
• read-length / amplicon-length 
• cross-talk, carry-over

• quality filtering 
• error removal (e.g. chimeras, sequencing errors) 
• diversity 
• assembly errors 
• assignment errors
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