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Microbiomes !!!
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Sanger, lllumina , PacBio, 10X, Oxford nanopore....

- Homogenous samples
- Obligatory PCR step (specific)
- What do we use it for ?
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Why most sequencing we do is outsourced ?
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Where is the
sequencer ?77
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NANOPORE SEQUENCING
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Unspecific

Requires computing
infrastructure *
Analysis requires
(more) knowledge and
experience

More versatile

What is metagenomics?
Answer: Depends who you ask !
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shotgun metagenomics amplicon sequencing
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taxonomy profiles, relative abundance,

functional profiles (cds), BGCs, MAGs,
metabolic pathway reconstruction

Specific (is it ?)

Not necessarily
requires computing
infrastructure *
Analysis requires (less)
knowledge and
experience

Gets deeper into
microbiome *

Less versatile

taxonomy profiles,
relative abundance

ienetic iotential



Gets deeper into microbiome... example

In 1 Gb sequencing output

Streptomyces coelicolor A3(2) ~ 8 Mb
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shotgun metagenomics
We can sequence the

- ‘ — = — whole genome <60x

amplicon sequencing

, (‘\\Q\ ’ O We can sequence the
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.. So in a simplified
microbiome

You will find 60 taxa

You will find 1666 taxa




Let’s sequence something...




What you give and what you get in return ?
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https://doi.org/10.1007/s12223-021-00866-0
Effects of DNA preservation solution and DNA extraction Who is the 4t

methods on microbial community profiling of soil horseman ?



https://doi.org/10.1007/s12223-021-00866-0

What you get in return...

@checkﬂize.xls 11-4-2023 11:11 Microsoft Bxcel 97... 1KE
..d ||nk |j MD5. ket 11-4-202311:1 Text Document 1KB
|:| RK2045C23023103-201-F001 tar 11-4-2023 11:38 TAR File 12.659.760 ...
Mj*MDS.txt-NDtepad T - - . i - - -
File Edit Format View Help
38855bd369ff5eecl145d0e6bdfd5f611 X204SC23023103-701-F001.tar
What is this ? -
&
—<
Windows: WinMD5Free or certutil (command line) or other ,
. . _ Murphy's Law
Linux/Mac: has in-built software called ... md5sum If anything can go wrong

Maybe it already has!



Where (not) to store my data ?

* Backed-up storage servers
* Repositories
* Clouds?
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Computing
power

To work with big data we need

Computing infrastructure like
servers and clusters.

1 000 000
100 000+

10 000 /I

1000+

wf |l
104 e—

\ T T T T T T \
1975 1980 1985 1990 1995 2000 2005 2010 2015

Year
I | ~
First Generation Second Third
Generation Generation

Cost per Raw Megabase of DNA Sequence

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012 2013 2014 2015 2016

2017 2018 2019




What are they ?
Why do we need them ?

How do we use them ?




What are they ?

computer (n.)
1640s, "one who calculates, a reckoner, one whose
occupation is to make arithmetical calculations,"

agent noun from compute (v.).
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https://www.etymonline.com/word/compute

What are they ?

H PC — high performance computing
<] | £ :

1. 8.8.8.8.¢

easy to use

ORI




Why do we need them ?

Performance portability or easy to use ?

Why do they use Linux based operating systems* ?

command line prompt
¢ command to run

e

(base) ciprian ~% date

Wed Jul 31 16:47:09 EDT 2019 Computer’s response
(base) ciprian ~ I

new line (can run new command here)




Parameters !

Disc space
memory

cores




What | can do using...

Work on genomes

Process “small”
amplicon dataset

If you have a fast
computer with =>16Gb
ram, process a small
metagenome

Do the most of
downstream analysis




What | can do using...

Process big amplicon
dataset

Process and annotate
moderate size
metagenomes

Comparative genomics




What | can do using...

Do a metanalysis

Do comparative
metagenomics

“Sky is the limit”



How do we use them ?

Where is the screen ?
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Qualty scores across o bases (Ihumina >v1.3 encodng)

e TR AT TTTTITI XTI IITTTT]

marcelm/cutadapt

- Most probably yes M u Iti QC
&l’imz 2

- Probably no ...but you can emulate Linuxin
WSL (Windows Subsystem for Linux ) and then
probably yes

- Probably yes ... with exceptions




What you get in return...

@checkﬂize.xls 11-4-2023 11:11 Microsoft Bxcel 97... 1KE
..d ||nk |j MD5. ket 11-4-202311:1 Text Document 1KB
|:| RK2045C23023103-201-F001 tar 11-4-2023 11:38 TAR File 12.659.760 ...
Mj*MDS.txt-NDtepad T - - . i - - -
File Edit Format View Help
38855bd369ff5eecl145d0e6bdfd5f611 X204SC23023103-701-F001.tar
What is this ? -
&
—<
Windows: WinMD5Free or certutil (command line) or other ,
. . _ Murphy's Law
Linux/Mac: has in-built software called ... md5sum If anything can go wrong

Maybe it already has!



What you get in return...

Sequence identifier,

oeduence! @A00881:1079:HTJF2DRX2:1:210

Sequence ATTGAGGAGTGTCAGCAGCCGCGGTAAT.

Optional field +

Quality FFEFFFEFPFEFEFFFEFPFFEFFFERPFEFERE

Next sequence WAO0881:1079:HTJF2DRX2:1:216
ATTGAGGAGTGCCAGCCGCCGCGGTAAT.
+



Symbol ASCIl Code Q-Score Phred quality score Erobabilllity of incorrect Base call accuracy
6 54 21 ase ca
7 55 22
8 56 - 10 1in 10 90%
e] 57 24
: 58 - 20 1in 100 99%
. ” @HWI-Mxxxx or @Mxxxx - MiSeq
60 27 30 1in 1,000 99.9%
. N @HWUSI - GAIIX
- 2 2 @HWI-Dxxxx - HiSeq 2000/2500 40 1in 10,000 99.99%
? 63 30 .
. - - @Kxxxx - HiSeq 3000(?)/4000 - 1100000 —
A o 2 @Nxxxx - NextSeq 500/550
8 66 33 @ AXXXXX - NOV&SGC] 40 1in 1,000,000 99.9999%
E :; z: @VXXXXX - Netheq 2000 Table 1- The probability values of a Phred quality score and the interpretation of their
E 69 % @AAXxxxx - NextSeq 2000 P1/P2/P3 basealling accuracy.
: e i @Hxxxxxx - NovaSeq S1/S2/S4 Quality is encoded ©
G 71 38
: 72 ® Mostly using 2 different systems
|

73 40

Instrument identifier
runid  flowcell id lane tiles ... Index sequence

@A00881:1079:HTJF2DRX2:1:2103:10348:4038 1:N:0:GCCAATAC+ACCGACAA
ATTGAGGAGTGTCAGCAGCCGCGGTAATACGGAGGGAGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGC
_l_

N 0 0 0 N 0 0 N O 0 0 08 8 8 8 TS ) O T N O 00 8 8 ) ) ) ) ) S Y S Y il



Dporbase soquencoqualty | DATA PREPROCESSING
; ,J/HHIHHIHHIHHHHHWW - QUALITY CONTROL

# FastQC

. FastP

: FastX

. PRINSEQ
TagCleaner

And very useful MultiQC for consolidation




DATA PREPROCESSING -
ADAPTER TRIMMING,

R Fastll [E=N| =R ===

UALITY FILTERING
bad_seguence. bxi |EIUDI1_SEIJ..E'IEE‘_5]1EIIT.UT| .
@ Fasic statstes Ouelity soores across all bases (lumina =+1.3 srooding)
24
a"“*‘“‘““"”"’“‘“ - - From QC data you may notice that adapters or primers
Per sequence qualty scores . . . .
O - (amplicon sequencing) are still present in your sequence.
¥ er Dase cequence oontent . . .
I e meccamn [ You should remove them either by providing the
er Dase Conten =4 . .
Py Y adapter/primer sequence or using a de-novo search.
7 e S - Recommended tools: Trimmomatic, Cutadapt, Fastp
@qw Dsrtutoniis Dada2, bbduk, PRINSEQ++, AfterQC, Sickle, Flexbar,
@ Sequence Dupication Levels = - Seqtk".
@ Querrepresented sequenoes 1o .
@mEConn&nt =
; [ITIT [
i1 3 5 7 9 11 13 15 17 1% &l & &5 27 29 3 33 35 37 39
Posicion i read (oo




Quality filtering — typical commands

*  Trimmomatic

trimmomatic PE -phred33 raw Rl.fastg.gz raw R2.fastg.gz trimmed Rl paired.fastqg.gz\
trimmed R1 unpaired.fastqg.gz trimmed R2 palred fastg.gz trimmed R2 _unpaired.fastqg.gz \
ILLUMINACLIP: adapters.fa:2:30:10 LEADING:25 TRAILING:25 SLIDINGWINDOW:4:20 MINLEN:50

SLIDINGWINDOW:4:20 - Scans using a 4-base window, cutting when average quality < 20.

* Cutadapt

cutadapt -a <primer F> -A <primer R> -o trimmed RIl.fastqg.gz -p trimmed RZ2.fastqg.gz \
-m 50 -g 25,25 —-n 2 raw RIl.fastqg.gz raw RZ2.fastqg.gz

* Fastp

fastp -i raw Rl.fastg.gz -I raw R2.fastg.gz -o trimmed Rl.fastg.gz -0 \
trimmed R2. fastq gz —--detect adapter for pe —--cut rlght —-—cut mean quality 25 \ --
length required 50 --n _base limit 0 --html fastp report.html --json fastp report.json



examples




i 6thplantmicrobiomesymposium2025.com
X @MicroSOS_EU
W @MicroSOS

ME

Mélaga
2025

6th Plant
Microbiome

Symposium

3-7 November 2025
Antequera, Malaga, Spain

h”k you for your attention

Registration
deadline: _
April 2025 Topics

Program outline:

< * Plant-Microbiome communication
¢ International

« Computational biology & Microbiomes

keynote speakers
/ P « Plant-microbiome interactions for

* Poster sessions sustainable agriculture

¢ Networking  Microbial interactions & Plant health
e Joint dinners and « Microbiome mediated stress alleviation

excursions

Registration open now at:

6thplantmicrobiomesymposium2025.com
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