Microbiota Data Analysis Workshop

22 - 24 January, 2020

https://www.gdc-docs.ethz.ch/MDA/site/
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Welcome
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GDE

Genetic Diver sity Centre
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http://www.gdc.ethz.ch/

Aria Jean-Claude Silvia Nik

The Genetic Diversity Centre (GDC) is a knowledge and technology platform of the D-USYS
Department. The team GDC provides scientific and technical support for research related to
genetic and genomic diversity in a wide range of non-model organisms.
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Number of Publications on PubMed
(Search term: <SeqTech> and 16S)

GOC

ys1dnz
3J3u3)
A3TSUBATI(
>133us9

Search Hits

454

lllumina

PacBio

ONT

lllumina 16S

2000

2005
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Annhouncements
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1= Lecture room: key, food and drinks
i~ Bathrooms

1= Coffee / tea breaks

i~ Lunch

i~ Social dinner - Thursday evening > Doodle
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(= Power plugs

= Wi-Fi connection (eduroam)
&= Access to Google drive

&= R libraries

1= Question(s)
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Overview
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~ Stem
Organic Conventional

Stem end
Organic Conventional
Seeds

% * Organic Conventional
Peel :
Organic Conventional

Fruit pulp
Organic Conventional
\ !
Calyx end
Organic Conventional

Wassermann et al. (2019) An Apple a Day: Which Bacteria Do We Eat With Organic and
Conventional Apples? Frontiers in Microbiology. Volume 10 | Article 1629.
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Wednesday 22.01.20 Thursday 23.01.20 Friday 24.01.20

Time Subject Time Subject Time Subject
8:00 - 9:00 Registration & Installation 8:00 - 9:00 Installation 8:00 - 9:00 Installation
9:00-9:30 Introduction . . . .
9:00-10:30 Diversity Analysis 9:00-10:30 Microbial Network
9:30-10:30 Warm Up
10:30 - 11:00 Tea / Coffee Break 10:30 - 11:00 Tea / Coffee Break 10:30 - 11:00 Tea / Coffee Break

11:00-11:45 i iversi i
2 P okl el 11:00-12:30  Diversity Analysis 11:00-12:30

11:45-12:30 eDNA

12:30 - 13:30 Lunch 12:30 - 13:30 Lunch 12:30 - 13:30

13:30-15:00 Reproducible Science 13:30-15:00 Diversity Analysis 13:30-15:00 Data Submission
12.?(5)'1 ::)(5) Reality S 15:30-17:00 Diversity Analysis 15:30-17:00 Random Forest

o0 Ed B o Ed v Ed

Mahendra Mariadassou (INRA) Dinner*

Robert Edgar (drive5)

Sam Holt (EMBL-EBI) * Dinner with the speakers but everybody is welcome to join.
Klaus Schizppi (University of Bern)

Kristy Deiner (ETH Zdirich)

Jean-Claude Walser (GDC)

Nik Zemp (GDC)
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=» 9:30-10:30 Jean-Claude Walser
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Raw Reads
Illumina paired-end '

GOC
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Check List

Trim ends

RR viEE

Merge Reads Merge Reads
 Ab A
Primer Primer
Trimming Trimmina
Quality Quality
Filterina Filterina

\4 v

=» 11:00-11:45 Jean-Claude Walser
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Volume 1, Number 3 September 2019

Environmental DNA

Dedicated to the study and use of environmental DNA
for basic and applied sciences

=*» 11:45 - 12:30 Kristy Deiner

14 22.01.20 | MDA20 | JCW



> Introduction GDC

ys1dnz
3J3u3)
A3TSUBATI(
>133us9

Reproducible Science

KEEP IN MIND THAT TM ..\WJOU. IT'S LIKE A SALAP RECIPE. | [ IT'S LIKE. SOMEONE TOOK A
SELF-TAUGHT, S0MY CODE. | 15 15 LKE BEING IN | WRITTEN BY A CORPORATE. | | TRANSCRIPT OF A COUPLE
MAY BE A LITTLE. MESSY, A HOUSE BUILT BYA LAWYER DSING A PHONE | | ARGUING AT IKEA AND MADE
LEME SEE- CHILD USING NOTHING AUTOCORRECT THAT ONLY RANDOM EDITS UNTIL IT
BUT A HATCHET AND A KNEW EXCEL FORMULAS, | | COMPILED WITHOUT ERRORS.

T'M SURE
TS FINE. PICTURE. OF A HOUSE. ( \ OKAY, TU REFD

( A SLE GUIDE.
EE .

)

=» 13:30 - 15:00 Nik Zemp
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OTUs

450
400
350
300
250
200
150
100
50
0

Combined 43 samples, 1880 OTUs, 4.5M reads

I Strong noise, 85 OTUs

- N & @©

BN Weak noise, 34 OTUs
I Low / no noise, 1761 OTUs
¥ ¥ ¥ X
8328 3; - N ¥ ®

w
n
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16k

32k

64k
128k
256k

1

=>» 15:30 - 16:15 Robert Edgar
=>» 16:15 - 17:00 Robert Edgar

512k
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Count / OTU Table

OUT1
OUT2
OUT3
OuT4
OUTS
OUT6
OuT7/
OUT8
OUT9

Sample1  Sample2
2519 2354
2520 1158

106 4
490 82
120 /3
13 1
9 0
813 415
45 2

Sample3
1074
1287

2
148
111

6

0
142

7

Sample4
2

o O O O o o o -

Sample5
452
34

o O O O o o o

GOC

ystunz
3J3u3)
A3Tsuaniq
>133us9

Sampleé
1233
3184

0
22
133

808
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GOC
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Microbiome data are ...
(a) COmpOSitiOnal (multiple parts of nonnegative numbers).

(b) high dimenSionaI (few data points and many features)

(C) ove I"d iSpersed (variance of the counts of read is larger than expected).

(d) often spares with many zeros cerw-inflated.

d ﬂd U ndel‘d etel‘mined (the number of OTUs much greater than the number of samples).
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Metadata / Maptile

Sample1
Sample2
Sample3
Sample4
Sample5
Sampleb
Sample7
Sample8
Sample9

pH
8.3
8.2
8.2
8.2
9.1
9.1
9.1
7.9
7.9

TP
13.3
13.3
13.2
14.3
14.2
14.1
15.3
14.3
16.0

NO2
17.7
17.8
17.7
17.3
16.6
17.5
22.3
22.3
22.4

NO3
1.6
1.6
1.6
1.5
1.5
1.6
1.5
1.4
1.4

NH4
67.4
67.9
68.6
75.2
75.1
94.2
11.8
11.3
9.3

GOC
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S133uUd9

Yotd
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Shannon

3.5
3.3
3.3
3.4
3.5
3.4
3.6
3.6
3.7
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Thursday, 23.01.2020

Samplel  Sample2  Sample3  Sample4  Sample5  Sampleé clr Abundance
OUT1 2519 2354 1074 2 452 1233
ouT2 2520 1158 1287 1 34 3184 pre-treatment  post-treatment
ouT3 106 4 2 0 0 0
ouT4 490 82 148 0 0 22 Prevotella -
ouTs 120 73 11 0 0 133 Megasphcjzera .
ouTs 13 1 6 0 0 0 Dialister -
ouT? 9 0 0 0 0 0 Atopobinum -
ouTs 813 415 142 0 0 808 Sneathia -
ouT9 45 2 7 0 0 0 Gardnerella -
BVAB2 -
Parvimonas -
pH TP NO2 NO3 NH4 Shannon Lactobacillales
Sample1 8.3 13.3 17.7 1.6 67.4 3.5 Lactobacillus other -
Sample2 8.2 133 17.8 1.6 67.9 3.3 Streptococcus -
Sample3 8.2 13.2 17.7 1.6 68.6 33 (il Crispatus |
Sample4 8.2 14.3 17.3 1.5 75.2 3.4 L. iners -
Sample5 9.1 14.2 16.6 1.5 751 3.5
Sample6 9.1 14.1 17.5 1.6 94.2 3.4 T T T T T T
Sample? 9.1 15.3 223 15 11.8 3.6 -4 -2 0 2 4 6
Sample8 7.9 143 22.3 1.4 11.3 3.6 Difference of clr (log2)
Sample9 7.9 16.0 22.4 1.4 9.3 3.7

=>» Tomorrow: 2.00 - 17.00 Mahendra Mariadassou
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OuT1
OuT2
OuT3
OouT4
OuTS
OouT6
ouT7
ouTs
ouT9

Sample1
Sample2
Sample3
Sampled
Sample5
Sampleé
Sample7
Sample8
Sample9

Sample
2519
2520

106
490
120
13
9
813
45

pH
8.3
8.2
8.2
8.2
9.1
9.1
9.1
7.9
7.9

v J

Sample2
2354
1158

4
82
73

1

0

415

TP
13.3
13.3
13.2
14.3
14.2
141
15.3
14.3
16.0

Sample3
1074
1287

2
148
111

6

0
142

NO2
17.7
17.8
17.7
17.3
16.6
17.5
22.3
223
22.4

Sample4
2

o O O O O O o

NO3
1.6
1.6
1.6
1.5
1.5
1.6
1.5
1.4
1.4

“riday 11

Sample5
452
34

O O O O O O o

NH4
67.4
67.9
68.6
75.2
75.1
94.2
11.8
11.3

9.3

Sampleé
1233
3184

0
22
133

808

Shannon
35
3.3
318
3.4
3.5
3.4
3.6
3.6
3.7

Friday, 24.01.2020

—riday  9:00 - 10:30
:00 - 12:30

Jean-Claude Walser
Klaus Schlaeppi
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Friday, 24.01.2020

/ DATA SHARING: make your datax

&

KEEP
CALM

AND
SHARE
YOUR
DATA

/
juinl

)

=>» Friday 13:30-15:00 Sam Holt

GOC
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OuT1
OouT2
OuT3
OouT4
OuTS
OouTé
ouT7
OouT8
ouT?9

Sample
Sample2
Sample3
Sample4
Sample5
Sampleé
Sample7
Sample8
Sample9

=>» Friday 15:30-17:00

Samplel
2519
2520

106
490
120
13
9
813
45

pH
8.3
8.2
8.2
8.2
e
9.1
9.1
7.9
7.9

Sample2
2354
1158

4
82
73

1

0

415

P
13.3
13.3
132
14.3
14.2
14.1
15.3
14.3
16.0

Sample3
1074
1287

2
148
111

6

0
142

NO2
17.7
17.8
17.7
17.3
16.6
17.5
22.3
223
22.4

Sample4
2

o O O O o O o

NO3
1.6
1.6
1.6
1.5
1.5
1.6
1.5
1.4
1.4

Friday, 24.01.2020

Sample5
452
34

O O O O o o o

NH4
67.4
67.9
68.6
75.2
751
94.2
11.8
11.3
9.3

Sampleé
1233
3184

0
22
133

808

Shannon
35
3.3
33
3.4
3.5
3.4
3.6
3.6
3.7

DECISION TREE

Jean-Claude Walser
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Introduction

Cluster-Game
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“HSENA

European Nucleotide Archive

European Nucleotide Archive (ENA) accepts sequence reads and associated analyses.
Once public, data submitted to ENA is exchanged between International Nucleotide

Sequence Database Collaboration (INSDC) partners: NCBI and DDBJ.

Overall ENA Research Project m

Data Analyses

Raw Reads

EXPERIMENT

Determines data
release and ownership

-

Sequenced Biomaterial
q Holds metadata

Holds data files

Data access control (for EGA datasets only)
EGA metadata objects
[ ’4 [ ]4 , for data that needs

controlled access

"Y' X X

GOC
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https://ena-docs.readthedocs.io/en/latest/submit/general-guide/metadata.html

MDA D Introduction GOC
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MIxS — Minimum information about any (x) sequence

MIxP — Minimum information about any (x) participants

*The MIXS is a unified standard developed by the Genomic Standards Consortium (GSC) for reporting of
minimum information about any (x) nucleotide sequence. It consists of MIGS (Minimum Information about a
Genome Sequence), MIMS (Minimum Information about a Metagenome Sequence) and MIMARKS
(Minimum Information about a MARKer gene Sequence) standards and describes fourteen environments.
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https://www.ebi.ac.uk/ena/submit/mixs-checklists
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Questions:
1. What data type are you working with?

2. From which biome(s) do your samples
come from?

3. What species-diversity are you
interested in?

4. What sequencing platform/technology
are you using?

5. What is the read / sequence length?

6. Do you prepare the library yourself or
do you outsource it?

Answers:

1. Amplicon & 16S

6. NO (of course not)

GOC

ystdny
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Data lype

Amplicon

Assemblies
Metabarcoding
Metagenomes

Metatranscriptomes

GOC

N m o ()]
m . ]
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L Data Sub-Types

Amplicon —

Assemblies

Metabarcoding ————»

Metagenomes

Metatranscriptomes

16S
18S
12S
COl
ITS
cytb
matK
rocL
trnL
trnH

GOC

N m o ()]

AjTsduant
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Environment-specitfic Descriptors
(Genomics Standards Consortium (GSC) MixS Checklists)

Alr
Host-associated
Human-associated
Microbial mat/biofilm
Plant-associated
Sediment
Soil
Wastewater / Sludge
Water

GOC

N m o ()]

AjTsduant
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Air
Host-associated
Human-associated
Microbial mat/biofilm
Plant-associated
Sediment
Soil
Wastewater / Sludge
Water

GOC

A3Tsuan

Environment-specific Sub-Descriptors
(Genomics Standards Consortium (GSC) MixS Checklists)

Air = AC filter system
Host & daphnia
Human = baby gut
Biofilm = rubber ducks
Plant © leave
Sediment & deep sea sediment
Soil © farm land
Sludge = WWTPs

Water © river systems
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Target Species

Bacteria

Archaea
Fungi
Plants

Eukaryote

N M [~ ()]
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nNGS Data Formats

lllumina
Roche LS454

PacBio

lonTorrent

Oxtord Nanopore
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NGS Data Formats - Read Length

lllumina MiSeqg PE300

LS454 MiSeq PE250
PacBio NextSeq PE150
lonTorrent HiSeq 2500 PE125

Oxford Nanopore

GOC

N m o ()]

AjTsduant
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aLibrary Prep

Yes / No
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e300

Answers:

1. Amplicon = 16S

Answers:

1. Metagenomics

N m o (0]
C 1) e m
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n 3 3 ot
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Lets Cluster!
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