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From raw data to feature tables
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Tuesday, Oct 8th Wednesday, Oct 9th Thursday, Oct 10th

10:00-10:30 QIIME2 and Qiita Buffer for Hands-On, Coffee 
break in-between

10:30-11:00 Qiita Hands-On

11:00-11:30 Welcome & Intro

11:30-12:00 From raw data to feature tables Coffee Break (~15min) Coffee Break (~15min)

Qiita Hands-On Buffer for Hands-On
12:00-12:30

12:30-13:00 Lunch Break Closing remarks and Farewell

13:00-13:30 Lunch Break

13:30-14:00 QIIME2 Hands-On

14:00-14:30 Sequence quality control

14:30-15:00 Coffee Break Coffee Break

15:00-15:30 QC Hands-on Diversity Calculation

15:30-16:00 QIIME2 Hands-On (cont'd.)

16:00-16:30
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Microbial Community Analysis

https://www.fiosgenomics.com/microbiome-vs-microbiota/
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Yarza et al (2014) Nature Reviews. 12: 635-645. Fig 1

Profile community: meta genome
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Yarza et al (2014) Nature Reviews. 12: 635-645. Fig 1

Profile community: amplicon
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Profile community: metabolome

ThermoFisher UltiMate 
3000 UPLC

Bruker
Maxis Q-TOF

+
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Yarza et al (2014) Nature Reviews. 12: 635-645. Fig 1

Profile community: amplicon
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the
"Feature" 
Table
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the
MAG
Table
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the
OTU 
Table
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the
Proteome 
Table
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the "Feature" Table

differences in diversity

dimensionality reduction

feature barplot

differential abundance
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the "Feature" Table

differences in diversity

dimensionality reduction

feature barplot

differential abundance

https://qiita.ucsd.edu Anna Rehm
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2

📄 Bolyen et al.  (2019) Nature biotechnology
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Content

1. Scope ✔

2. Base Calling

3. Demultiplexing

4. Quality Control

5. Adapter Trimming, Clipping

6. "OTU" picking

7. Data Normalization
a. Contamination Removal

b. very low abundant "OTU" removal

c. Rarefaction

2. + 3. + 4.

5.

6.

7.
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2. Base Calling



Stefan.Janssen@cb.jlug.de October 8th 2024NFDI4Microbiota workshop         page 17

https://www.broadinstitute.org/files/shared/illuminavids/sequencingSlides.pdf

bcl2fastq

download at https://emea.support.illumina.com/downloads/bcl2fastq-conversion-software-v2-20.html
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@M04304:185:000000000-CMBBK:1:1102:12988:2175 1:N:0:AAGAGGCA+TATCCTTT
ACTGACGCTGAGGCACGAAAGCGTGGGTATCGAACAGGATTAGATACCCGTGTAGTCC
+
FGFGGGGGGGGGGGGFGEEFFGGGCEEGF:FD:875*5:CF?F<+<CFEDDGF:4=@F

Sequence Formats: FastQ

● de-facto standard format is FastQ
○ based on FastA + 2 lines for Quality scores

4 lines per read:

1. @Sequence identifier (Illumina: origin and optionally length)

2. Sequence

3. +(Optional: Identifier again)

4. Base quality, mapped to ASCII 33-128 (Illumina) 

G: 71
*: 42
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Raw Data Quality

● There are always errors!
● Quality "control"

○ how bad is sequencing quality, i.e. how many reads should be discarded?

● Source of errors: basecalling
○ "Sanger Phred" quality score = how certain is this called a G base?
○ how likely is it wrong: P
○ expressed as Q = -10*log

10
(P)

■ Q = 10 ⇒ P = 0.1
■ Q = 40 ⇒ P = 0.0001 

● The Phred score is used for 
○ assess overall quality
○ discard whole reads
○ truncate reads (clipping)

■ since low quality regions often occur at the start and end
○ SNV determination
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● encodes Phred Score
● Q = -10*log

10
(P)

● Q encoded as ASCII character
○ Q+33 for versions ≥ 1.8
○ Q+64 for versions 1.3 to 1.7

Raw data quality

!"#$%&’()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_‘abcdefghijklmnopqrstuvwxyz{|}~ 

33-73

64-104new
old
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Sequence Formats: FastQ

@M04304:185:000000000-CMBBK:1:1102:12988:2175 1:N:0:AAGAGGCA+TATCCTTT
ACTGACGCTGAGGCACGAAAGCGTGGGTATCGAACAGGATTAGATACCCGTGTAGTCC
+
FGFGGGGGGGGGGGGFGEEFFGGGCEEGF:FD:875*5:CF?F<+<CFEDDGF:4=@F

instrument ID
ith run on this instrument
flowcell ID
lane
tile number (in flowcell)
x-coord. of cluster (in tile)
y-coord. of cluster (in tile)
  partner ID (2 only for PE)
    filtered read (N | Y)
        control bits: 0 = no errors

  index sequences
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Content

1. Scope ✔

2. Base Calling ✔

3. Demultiplexing

4. Quality Control

5. Adapter Trimming, Clipping

6. "OTU" picking

7. Data Normalization
a. Contamination Removal

b. very low abundant "OTU" removal

c. Rarefaction

2. + 3. + 4.

5.

6.

7.
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3. Demultiplexing
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again: bcl2fastq
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Use Error tolerant barcodes!

bcl2fastq --help

--barcode-mismatches arg (=1)                   number of allowed mismatches per index

e.g. 📄 Hamady et al.  (2008) Nature methods "Error-correcting barcoded primers allow hundreds of samples to be 
pyrosequenced in multiplex"
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Excel is too smart

always prefix sample names with characters!

https://www.nature.com/articles/d41586-021-02211-4
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Randomize Plate Layout!

📄 Minich et al.  (2019) mSystems "Quantifying and Understanding Well-to-Well Contamination in Microbiome Research"
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Randomize Plate Layout!

📄 Minich et al.  (2019) mSystems "Quantifying and Understanding Well-to-Well Contamination in Microbiome Research"

healthy diseased
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Randomize Plate Layout!

📄 Minich et al.  (2019) mSystems "Quantifying and Understanding Well-to-Well Contamination in Microbiome Research"

TA: "It feels soooo wrong"
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Invest time in your demultiplexing sheet!
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a lot of frustration
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a lot of frustration
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2. Base Calling & 3. Demultiplexing

bcl2fastq

demultiplexing sheet
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Content

1. Scope ✔

2. Base Calling ✔

3. Demultiplexing ✔

4. Quality Control

5. Adapter Trimming, Clipping

6. "OTU" picking

7. Data Normalization
a. Contamination Removal

b. very low abundant "OTU" removal

c. Rarefaction

2. + 3. + 4.

5.

6.

7.
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4. Quality Control
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Quality assessment of raw sequence data

● How many sequences did we obtain?
● How well did DNA extraction/library prep/sequencing work?
● What preprocessing steps should be performed?
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FastQC

● analyzes FASTQ file
● creates graphical 

report
● does NOT modify the 

data
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Quality control

good not so good
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FastQC: Nucleotide distribution across all reads

● expected to be uniform for (meta)genomes
● non-uniform distribution for amplicons, (meta)transcriptomes
● some noise at 5’/3’ ends to be expected
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FastQC: 
Overrepresented kmers

● sequencing adapter?
● barcode?
● ...
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Content

1. Scope ✔

2. Base Calling ✔

3. Demultiplexing ✔

4. Quality Control ✔

5. Adapter Trimming, Clipping

6. "OTU" picking

7. Data Normalization
a. Contamination Removal

b. very low abundant "OTU" removal

c. Rarefaction

2. + 3. + 4.

5.

6.

7.
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5. Adapter Trimming, Clipping
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https://seekdeep.brown.edu/images/Default%20Diagram.jpg

P5 P7
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Preprocessing: Goals

● remove technical artefacts: sequencing adapters, barcodes, ..
● trim low-quality sequences
● discard short reads
● remove host DNA, e.g. by mapping to corresponding 

reference genome

➔ No need for high-end resources here, typical laptop is sufficient!
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Software installation / distribution not easy!

● how many users?

● central or individual maintenance?

● which operating system(s)?

● 1 laptop or supercomputer with 100 servers?

● performance?

● dependencies!!

● effort to update software

● ...

https://towardsdatascience.com/conda-pip-and-docker-ftw-d64fe638dc45

https://www.deviantart.com/xxneojadenxx/art/Windows-7-felt-sad-1075901022 https://techcrunch.com/2009/03/13/happy-birthday-linux/
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Tools

● Lots of different options available: Trimmomatic, cutadapt, fastx-toolkit, 
FastqCleaner, skewer, BbDuk, ..

● Tool performance is pretty similar, just use those you like

TrimmomaticSE data.fastq ILLUMINACLIP:adapter.fas:2:40:15 
LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36

Preprocessing: An iterative process!

1. Assessment: Raw sequencing data
2. know your primer!
3. Processing: Trimming, filtering, ..
4. Re-assessment: Data good? How much did we lose?
5. Repeat?
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Content

1. Scope ✔

2. Base Calling ✔

3. Demultiplexing ✔

4. Quality Control ✔

5. Adapter Trimming, Clipping✔

6. "OTU" picking

7. Data Normalization
a. Contamination Removal

b. very low abundant "OTU" removal

c. Rarefaction

2. + 3. + 4.

5.

6.

7.
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6. "OTU" picking
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@HWI-6X_9267:1:1:25:1051
GACGAAGGTGACGACCGTTGCTCGGAATCACTGGGCATAA
AGCGCGCGTAGGTGGCTTGGTAAGTCCATGGTGAAATCCC
TCGGCTCAACCGAGGAACTG
+
abaaaaa`^`a_]^\``\``a`^`]]]^^`a[VXGX``Z_
\\\_^\a^SYOZVVSVYGYVDXOZVT\TITBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBB

@HWI-6X_9267:1:1:25:609
TACGTAGGGGGCAAGCGTTATCCGGATTTACTGGGTGTAA
AGGGAGCGTAGACGGATGGACAAGTCTGATGTGAAAGGCT
GGGGCTCAACCCCGGGACGG
+
aaab`aaa`aaaaaaaaaaaaaaaa^aaaaaaaaYQ^`_^
]a_]\a`a]``]Z_[][I^^aZZ^WW^_^`ZZ_T]XY^^\
^ZX\ZJS[W[V^\HOVYTET

4ac2.fastq(.gz)

@HWI-6X_9267:1:1:25:267
TACGTATGGGGCAAGCGTTATCCGGAATTATTGGGCGTAA
AGAGTGCGTAGGTGGTGGCTTAAGCGCAGGGTTTAAGGCA
ATGGCTTAACTATTGTTCTC
+
aa^^[__^^^_^_^[^^[^^____ZZ[^^[^]ZUZ]]WUZ
XYU[Q[X]UVXVN[XUWWURZUYY]XXRZRNVTRTNTWUU
U^VJVOMIHQU\URRN[BBB

e375.fastq(.gz)

@HWI-6X_9267:1:1:25:519
GACGGAGGATGCAAGTGTTATCCGGAATCACTGGGCGTAA
AGCGTCTGTAGGTGGTTTACTAAGTCAACTGTTAAATCTT
GAGGCTCAACCTCGAAATCG
+
abaaaaaa`aaaaaa\aaaaaaa```aa_aaaa^Z__[ZY
^aa`U[`^[]]YZ]WY]]_Z_XX\\[]]]^`[\XTVX]`T
_VZ[]ZXVXYFX_VYJWWZL

4gd8.fastq(.gz)

@HWI-6X_9267:1:1:25:1109
TACGGAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
AGCGTACGTAGGCGGTTAGGTAAGTCAGATGTGAAAGCCC
CGGGCTCCACCTGGGAATGG
+
aaaba^`a^N_`\_``a_a]Zaa^^\Z`[M]a`[VYa^_X
^_Z]NZ\`]TY\]_^RVH_PHOWZM[PTRPTRYUBBBBBB
BBBBBBBBBBBBBBBBBBBB

9872.fastq(.gz)

feature1 feature2 feature3 feature4 feature5

4ac2 42 0 37 99 1

e375 12 1 22 88 0

4gd8 25 3 23 86 0

9872 0 0 87 12 0

>feature5
GACGAAGGTGACGACCGTTGCTCGGAATCACTGGGCATAAAGCGCGCGTAGGTG
GCTTGGTAAGTCCATGGTGAAATCCCTCGGCTCAACCGAGGAACTG

>feature4
TACGTAGGGGGCAAGCGTTATCCGGATTTACTGGGTGTAAAGGGAGCGTAGACG
GATGGACAAGTCTGATGTGAAAGGCTGGGGCTCAACCCCGGGACGG

>feature2
TACGTATGGGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGAGTGCGTAGGTG
GTGGCTTAAGCGCAGGGTTTAAGGCAATGGCTTAACTATTGTTCTC

>feature1
GACGGAGGATGCAAGTGTTATCCGGAATCACTGGGCGTAAAGCGTCTGTAGGTG

FeatureData[Sequence]

FeatureTable[Frequency]

SampleData[SequencesWithQuality]

OTU picking = grouping sequences by similarity
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OTU1 OTU2

4ac2 100 79

e375 88 35

4gd8 86 51

9872 12 87

FeatureTable[Frequency]

ASV1 ASV2 ASV3 ASV4 ASV5

4ac2 42 0 37 99 1

e375 12 1 22 88 0

4gd8 25 3 23 86 0

9872 0 0 87 12 0

FeatureTable[Frequency]

90% OTU Clustering

Denoised Sequence Variants
("Almost like" 100% OTU 

Clustering)

GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGTT
GGCGAGCGGT   
GGACGGCGTT
GGACGGCGTT
GGACGGCGTT
GGACGGCGTT
GGACGGCTTT
GGACGGCTTT
GGACGGCTTT
GGACGGCTTT
GGACGGCTGT
GGACGGCTGT
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What normally happens during sequencing?
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Cleaning and manipulating raw sequences

● Clustering
○ Remove noisy sequences and reduce the amount of sequences to process
○ Works based on a given threshold, i.e. 97% similarity but others exist like 

Oligotyping
○ There are different methods (closed or open reference) and algorithms 

(sortmerna, vclust)

● Remove noise
○ Find the cleanest sequence
○ Correct and/or discard super noisy sequences
○ Examples are: DADA2 and Deblur
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Clustering methods ideal situation



Stefan.Janssen@cb.jlug.de October 8th 2024NFDI4Microbiota workshop         page 58

Errors Make OTUs

DADA2

sample
sequences

amplicon reads OTUs

DADA2

📄 Callahan, et al. Nature Methods, 2016
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Errors Deblur

Deblur

sample
sequences

amplicon reads

📄 Amir, et al. mSystems, 2017

deblurred
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Content

1. Scope ✔

2. Base Calling ✔

3. Demultiplexing ✔

4. Quality Control ✔

5. Adapter Trimming, Clipping ✔

6. "OTU" picking ✔

7. Data Normalization
a. Contamination Removal

b. very low abundant "OTU" removal

c. Rarefaction

2. + 3. + 4.

5.

6.

7.
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7. Data Normalization
a. Contamination Removal
b. very low abundant "OTU" removal
c. Rarefaction
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7a. Contamination Removal

https://www.pngfind.com/download/hTbiJox_drawing-cell-endoplasmic-reticulum-endosymbiotic-theory-flowchart-hd/
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7a. Contamination Removal

antibiotic 
treatment

mouse gut microbiome

apply(lambda lineage: 'c__Chloroplast' in lineage or 'f__mitochondria' in lineage)
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7b. very low abundant "OTU" removal

amplicon reads

counts = counts[counts.sum(axis='features') >= 10]

6429
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7c Rarefaction

Credit: Antoine Doré, https://www.nature.com/articles/d41586-020-00193-3
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7c Rarefaction
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7c Rarefaction
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7c Rarefaction: Size of net = rarefaction depth?
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7c Rarefaction: Size of net = rarefaction depth = 5
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7c Rarefaction: depth

captured diversity

trade off
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7c Rarefaction: depth

captured diversity

trade off
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Summary

1. Scope ✔

2. Base Calling ✔ bcl2fastq
3. Demultiplexing ✔ bcl2fastq
4. Quality Control ✔ fastp
5. Adapter Trimming, Clipping ✔ fastp
6. "OTU" picking ✔ DADA2/Deblur via Qiime2.org

7. Data Normalization ✔
a. Contamination Removal ✔ taxonomic assignments -> later

b. very low abundant "OTU" ✔ removal pandas
c. Rarefaction ✔ Qiime2.org

2. + 3. + 4.

5.

6.

7.
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Tuesday, Oct 8th Wednesday, Oct 9th Thursday, Oct 10th

10:00-10:30 QIIME2 and Qiita Buffer for Hands-On, Coffee 
break in-between

10:30-11:00 Qiita Hands-On

11:00-11:30 Welcome & Intro

11:30-12:00 From raw data to feature tables Coffee Break (~15min) Coffee Break (~15min)

Qiita Hands-On Buffer for Hands-On
12:00-12:30

12:30-13:00 Lunch Break Lunch break and Closing 
remarks

13:00-13:30 Lunch Break

13:30-14:00 QIIME2 Hands-On

14:00-14:30 Sequence quality control

14:30-15:00 Coffee Break Coffee Break

15:00-15:30 QC Hands-on Diversity Calculation

15:30-16:00 QIIME2 Hands-On (cont'd.)

16:00-16:30
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JHaaS

● Please login to https://jhaas.gi.denbi.de/ and request access to 

https://jhaas.gi.denbi.de/participation/participate/metagenomics2024

● Wait until you are verified! 

https://jhaas.gi.denbi.de/
https://jhaas.gi.denbi.de/participation/participate/metagenomics2024
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Hands-On Quality Control
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Short JupyterHub Introduction I

File Overview Notebook-Kernel

Terminal
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Fastqc and Multiqc Hands-On I

1: Download and unzip the data

wget -qO- 
http://minio-seed-s3-storage:9000/metagenomics2024/compressed_metagenomics.t
ar.gz | tar xvz

2: Create Folder for Fastqc Results

mkdir fastqc_results

3: Activate conda environment

source /opt/conda/bin/activate && conda activate qualitycontrol
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Fastqc and Multiqc Hands-On II

4: Run fastqc on sequence data

fastqc -o fastqc_results/ 
Data/sequence_data/pax/study_raw_data_11758_092524-041740/per_sample_FASTQ/6

7800/*.fastq.gz

6: Run Multiqc there

multiqc fastqc_results/.

7: Look for multiqc_report.html file, download it, open in your Browser
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Login and Account for Qiita

For tomorrow’s Hands-On session, please create an account at https://qiita.ucsd.edu

Don’t forget to confirm your e-mail address!

https://qiita.ucsd.edu/

