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STEP 1: Taxonomic profiling
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Part 1: Quality Filtering and Trimming

GEEE Sequencing by Synthesis

s — Fastq Files

Not perfect!

Adapter Sequence- high quality Sequence- poor quality



Fastqg Files

g;$ggngACCTGGACGACCTGGACTTCATCGAGCGGGTGAAGATCCAGCAGAAGAACTGGATCGGCCGCTCCACCGGTGCCGAGGTCACCTTCAAGGCC
;BBFFFFFFFFFFBBFFFFIIFFFIIIIIIIIFBFIIFFFFFFFBBBFFFFBBFFFFFBBFFFBBBFBBBBFBBFBFFBBFFFO<B7BBFBB<BBFBBBF
gggggégiTCGGATCTGATGTTCCCGCACCATGAATATCAAAATGGTTGCCCAACTGTTTGCAGTTCATCGCCGAACATTCGATGTGCC
;BBFB<F7B<BFBFFFBBFBFF<FFFFIFFO<BBFFB<<<BFFBBF7BQBFFBFBFF<BB7<BF'<7<BBBBBB<0<00<'Q<B<"0<
ggg:ﬁ%ééCACTGCCCGGTAGCTAAATGCGGAAGAGATAAGTGCTGAAAGCATCTAAGCACGAAACTTGCCCCGAGATGAGTTCTCCCTGACTCCTTGAG
;BBFFFFFFFFFFIIIFIBFFFIIIIIIIFIFFFFIIIIFFFFIFIIBFFBFFIIIBFIBBFF7BBBBFFFBBFB7BBBBFFFBFBBBBBFBFBFBBBBF

@read295
ATCATTCACAATGGGGGAAACCCTGATGGTGCGACGCCGCGTGGGGGAATGAAGGTCTTCGGATTGTAAACCCCTGTCATGTGGGAGCAAATTAAAANNN

;BBFFFFFFFFFFIIIIIIIIIIIIIIIIFFFIIIIIIIIFFFFFFFFFFBF7BBBBBFFFFBFFFFFFBBFFFF<BBFFFFFFF7BBFBBBFFB<<(((
gggzggﬁéCAGCGCGCCCACGAGCCCCGGTCCATAGGTAACCGCCACCGCCGTCATATCCTCTAGAGACATATCCGCTTCCTTTAACGCTTCCTCGATCA
;BBFFFFFFFFFFIIIIIIFFIFIIIIIIFFIIIFFFBBBFBFFFFFFBFFF7BBBFFFFFFFBFFFBFFFFFBFBBBFFFFFFBFFFBFFFFFF<<BBF
g;gzggéiGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCAGCATGCTGATCTGCGATTACTAGCAATTCCGACTTCATACAGGCGAGTT
EBBFFFFFFFFFFIFIIIIFFIIIIIIFFFIIIIFFFFFFBBBBFFBFFFFFFBBFBFFFFFFFFFBBFFFFFFF<BBBFFFFFFFFFFBBFFBBBBFBB

Character: !"#S$%&' ()*+,-./0123456789:;<=>?@ABCDEFGHI

I | | | |
Quality score: B........ 1112 S 28 2 {2 A 40



Phred Score

Quality Score Probability of incorrect base call Base call accuracy
10 1in10 90%

20 1in 100 99%

30 1in 1000 99.9%

40 1in 10,000 09.99%



Fastgc

* Program to asses quality of sequences with a convenient web interface

Sun 8 May 2022

@FastQC Report (e

Summary DBasic statistics
R R
@M Filename sampleA_1(1).fastq
@Per base sequence quality File type Conventional base calls
. Encoding Sanger / Illumina 1.9
Per sequence quality scores
Total Sequences 67926

Per base sequence content Sequences flagged as poor quality @

Per sequence GC content Sequence length 20-100

@Per base N content e o

Sequence Length Distribution

@muence Duplication Levels
@Overrepresented sequences @Per base sequence quality

@Adapter Content Quality scores across all bases {Sanger / lllumina 1.2 enceding}
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Produced by FastQC (version 0.11.9)




ORIGINAL PAPER ™ &t tossiomomatis/otut o

Genome analysis Advance Access publication April 1, 2014

Trimmomatic: a flexible trimmer for lllumina sequence data

Anthony M. Bolger'#, Marc Lohse' and Bjoermn Usadel*°*

'Department Metabolic Networks, Max Planck Institute of Molecular Plant Physiology, Am Muhlenberg 1, 14476
Golm,?Institut fur Biologie |, RWTH Aachen, Worringer Weg 3, 52074 Aachen and °Institute of Bio- and Geosciences:
Plant Sciences, Forschungszentrum Julich, Leo-Brandt-StraBe, 52425 Julich, Germany

Associate Editor: Inanc Birol

e Use quality information obtained by fastqc in order to trim our fastq
files

* Important to not get missleading results!
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Taxonomic profiling — what is it?
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Taxonomic profiling — how it is done?

DNA purification
S V/\\%,\,\"4
N TR Shotgun sequencing
sample 7\ \\\Y

Bacteroides vulgatus

Prevotella copri

Eubacterium rectale

Blautia wexlerae

Alistipes putredinis




Taxonomic profiling approaches — whole-genome mapping

Environmental sample

Shotgun sequencing

E— - DNA extraction bias
- sequencing biases
— — — - Samp“ng noise



Taxonomic profiling approaches — whole-genome mapping

Environmental sample

Shotgun sequencing

True taxonomic annotation
I

Estimated by whole-genome mapping
I

- genome size issue



Taxonomic profiling approaches — marker gene mapping

Environmental sample

Shotgun sequencing



Taxonomic profiling approaches — marker gene mapping

Environmental sample

Shotgun sequencing



Taxonomic profiling approaches — marker gene mapping

Environmental sample

Shotgun sequencing



Taxonomic profiling approaches — marker gene mapping

Environmental sample

Shotgun sequencing

True taxonomic annotation
I .

Estimated by whole-genome mapping
I | - genome size issue

Estimated by universal marker
L |



Taxonomic profiling — mapping reads to genomes

Environmental sample

Shotgun sequencing




Taxonomic profiling — incomplete reference databases

Environmental sample




Taxonomic profiling — incomplete reference databases

Environmental sample

- assigned to the
wrong species




Taxonomic profiling — incomplete reference databases

Environmental sample

True taxonomic annotation

| T
Estimated when dark blue is missing

| I

- assigned to the
wrong species




Taxonomic profiling — incomplete reference databases

Environmental sample

- ignore the reads




Taxonomic profiling — incomplete reference databases

Environmental sample

True taxonomic annotation
I T

Estimated when dark green is missing
| I - ignore the reads




Taxonomic profiling — incomplete reference databases

Environmental sample

Globally
unassigned




Taxonomic profiling — incomplete reference databases

Environmental sample

True taxonomic annotation

.
Estimated when dark blue is missing
L
Globally
unassigned

1 ?
|




Trimmed, filtered reads

16S rRNA

Mean frequency of
most common residue
in 50 base window

> Bioinformatics. 2017 Dec 1;33(23):3808-3810. doi: 10.1093/bioinformatics/btx517.

MAPseq: highly efficient k-mer search with
confidence estimates, for rRNA sequence analysis

Jodo F Matias Rodrigues ', Thomas S B Schmidt !, Janko Tackmann 7, Christian von Mering

Affiliations + expand
PMID: 28961926 PMCID: PMC5860325 DOI: 10.1093/bioinformatics/btx517
Free PMC article

10 universal protein marker genes

nature > nature communications > articles > article

Article | Open Access \ Published: 04 March 2019

Microbial abundance, activity and population genomic
profiling withmOTUs2

Schmidt, Alexandre Almeida, Alex L Mitchell, Robert D. Finn, Jaime Huerta-Cepas, Peer Bork, Georg

Zeller & & Shinichi Sunagawa &

Nature Communications 10, Article number: 1014 (2019) | Cite this article

25k Accesses | 107 Citations | 78 Altmetric | Metrics




Strengths and weaknesses of different approaches

w
B —

16S amplicon profiling

Taxonomic profiling
High sensitivity

(discover the unknown)

Largest available
databases

No functional profiling
Sequencing errors
PCR amplification
errors

Copy number bias
Lower resolution

! .

mOTUs MAGs

whole-genome profiling

Taxonomic profiling
Need to estimate
unknown species
Functional profiling
(potential)
Sequencing errors

High resolution

culture-based analysis

Taxonomic profiling is
limited to cultivable
species

Full potential for
functional activity that
can be tested

Best resolution



The mOTUs framework — DB construction
[Sunagawa et al. Nat. Methods 2013]

[Milanese et al. Nat. Commun. 2019]

Phylogenetic markers
(10 universal, single copy, protein-coding genes)
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Incorporation of MAGs into the mOTUs3 database
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Improvement of scope in mOTUs since first version

5

2

1
{753 28
mOTUs 1.0
mOTUs 2.5
2019
mOTUs 2.0 mOTUs 3.0
ref- mOTUs — from isolates
3
4
Before v3.0, all meta-mOTUs were human-associated

1. [Sunagawa et al., Nat. Methods 2013] 3. [Milanese et al., Nat. Commun. 2019] 5. [Mende et al., Nucleic Acids Res. 2020]
2. [Mende et al. Nat. Methods 2013] 4. 6. [Ruscheweyh, Milanese et al. bioRxiv 2021]



mOTUs3 — database extension by marker genes from metagenome-

assembled genomes (>500,000 MAGS)

mQOTUs 2.5 Database 150,000 450,000
newly External
11,915 2,297 constructed MAGs/SAGs/
re-mOTUs meta-mOTUs MAGS isolates
Human skin Human vagina Human gut Human oral cavity Cat
Fllter (1043 / 49) (644 / 56) (4219 /227) (1439 / 212) 473/ 186)
500,000
I I_I ‘ Dog Bee Marine Wastewater Freshwater
463/ ] 16) (247 / 41) (6970 / 742) (6290 / 505) (3515 / 258) (2740 7 555)
taak]
‘ 6 ‘ & * m Rel. abundance
11,915 2,297 19,358 B extmOTUs
ref-mOTUs meta-mOTUs ext-mOTUs Bl Unassigned
Soil Chick M Fish Catt Ml meta-mOTUs
Ol ICKen ouse IS attie
mOTUs 2.6 Database (1979 / 470) (542 / 210) 974 / 164) (857 / 158) ©108/733 MM re-mOTUs

Enables profiling an unprecedented diversity of prokaryotes (33,570 species) across many environments.

mOtU-tOOLOFg [Ruschewey, Milanese et al., bioRxiv 2021]



High-accuracy profiling as evaluated by an independent benchmark
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WGS
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Cross-study comparability

991 [ B B 993
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MAPseq

MAP SSU reference

Full length 16S/18S rRNA  Annotation
— — Preclustered OTUs
i i * 90%-999
SSU rRNA identity levels: 90%-99%
Sequence
Mapping |====—=== NCBI taxonomy
taxonomic levels: kingdom-strain

e

Scalable and robust

—)

MAP dataset
Unified count table
Microbiomes - OTU/Taxonomy

l

Microbiome types
Clustering of microbiome samples
using community similarity



A ERject microbeatlas.org

compare your metagenomic data to a global reference set of a million microbiome samples




e eject Website

Search for any microbial taxa by sequence or name

Environment Statistics
Environment Abundance @
@aquatic: 16,700 samples : @animal: 108,000 samples !
marine: 1.83% (3,880) I, ! gut: 35.80% (76,100) © |
waste water: 0.85% (1,800) O 3 skin: 3.43% (7,280) M :
river: 0.71% (1,500) & ! urogenital: 1.29% (2,740) &' !
sediment: 0.60% (1,270) & ! lung: 1.28% (2,710) 00 !
sea: 0.57% (1,210) ® ! oral: 1.15% (2,430) & !
lake: 0.54% (1,140) & | gastric: 0.38% (805) & !
ocean: 0.25% (531) & | bone: 0.24% (518) & !
\ estuary: 0.10% (219) & ! unknown: 7.16% (15,200) ® !
groundwater: 0.09% (191) & | o . i
| / reservoir: 0.05% (107) & NSO”: 10,200 samples :
2 ice: 0.05% (97) % | field: 0.94% (2,000) ¢ !
~ ‘ brine: 0.04% (88) A ! agricultural: 0.84% (1,780) 85 !
unknown — unknown: 2.19% (4,650) ® ! forest: 0.54% (1,140) © '
. —— : farm: 0.28% (591) I f
% paddy: 0.14% (300) & !
0w desert: 0.09% (193) @ |
peatland: 0.03% (71) & |
tundra: 0.00% (6) % |
unknown: 1.92% (4,070) ® |
g plant: 8,420 samples ® I
rhizosphere: 1.06% (2,250) @ ! unknown: 32.60% (69,200) ® !
leaf: 0.45% (945) # | :
seed: 0.29% (609) ¥ !
wood: 0.18% (386) [ :
flower: 0.11% (236) ¥ !
sprout: 0.04% (93) ¥
stem: 0.03% (55) X !
unknown: 1.81% (3,850) ® !
Taxon Abundance Density
0.4 )
s 50|
0.3 = global
0.2 aq.uatlc
= animal
0.1 plant
0
-7 -6 -5 -4 -3 -2 -1
log10 (abundance)




Benchmark of accuracy on known taxonomy
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L
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I I :)
I — |C_) -2 USEARCH
— — 0.2 A~ VSEARCH
Tested ability to ignore unknown 165 0 RDPClassifier
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Amplicon rRNA regions
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Taxonomic profiling — why it is important?

Taxonomic analysis is fundamental to the analysis of microbial communities

Describing the microbial community under study Comparing different microbial communities

Propionibacterium acnes Many Corynebacterium
A ma p Of lives on the X \ species characterize PC2 (8%)
. . skin and dnfferent body sites: °
d |VerS|ty \ nose of most C matruchzn
» o people the plaque
in the human Streptococcus dominates Ctgccolens
. . the oral cavity with @ nose
microbiome S. mitis >75% in the C crtt;]ppe:stedm
e sKin

Lactobacillus species /
(L. gasseri, L. jensenii, 3
"y L. crispatus, L. iners) _-— o I
are predominant ) il y '
but mutually ~d ’
exclusive in i b Several Prevotella species are
the vagina present in the gastrointestinal
; 4 g tract. P. copriis present in
19% of the subjects and
dominates the intestinal
flora when present

/

Staphylococcus
epidermidis
colonizes
external
body sites

PC3 (3%)

[McDonald et al., mSystems, 2018]

Correlating environm. or host features to microbes Comparing findings to literature

No cancer (N =61 ) Colorectal Cancer N 53) Fusobacterium nucleatum Contributes to the
Fusobacterium nucleatum subsp. vincentii Carcinogenesis of Colorectal Cancer by
Fusobacterium nucleatum subsp. animalis
1 I I I|I I|I|-II Peptostreptococcus stomatis Inducing Inflammation and Suppressing Host
Porphyromonas asaccharolytica Immuni ty
Relative abundance change over controls — | Fusobacterium nucleatum Promotes Colorectal
—_'_I_'__ Carcinogenesis by Modulating E-Cadherin/p-Catenin
SANGER Signaling via its FadA Adhesin
0.001 0.01 01 0 10 100 1000 Analysis of Fusobacterivm PersiSteNCe | wararoxanapubinstein,  xisowei Wang, - Wendy L * ujun Hao,>* Gufang Ga and Yiping W. Han' 24"
depleted in cancer <+ enriched in cancer and antibiotic response in e e

colorectal cancer

[Zeller et al., MISB, 2014]

tefa 5
Kimmie Ng,' Elena Elez,* Shuji O
William C. Hahn,"** Paolo Nucifa




Profiling multiple samples
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Profiling multiple samples — Library size
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Profiling multiple samples — Library size

55~ éQ/ é; S L LSRR .5@
%éQ @éQ %éQ @é& %éQQ %éQQ %éQQ %éQQ %éQQ %éQQ

Bwugatus | 4 | 6 (12| 2 |4 | 0| 2 | 3 0|9
Pcopi| 6 | 2 | 4|14 8|6 |1|5]|0
Erectale | 3 1/ 0 | 0| 8|12 |0,0)] 3] 3
Bwederse | O | 3 | 6 | 0| 8|4 4|3 /4|0
Aputrednis | Q | O | O | 6 0O 14|10 |0 |7
Eecliil 0 | O 0| 0| 0|12, 6 8 |21 4
Cinmocuum | 0 | 1 | 2 | 0| 41| 21| 1|1/ 01|65
R. intestinalis | § 1 /2023|9020
A. finegoldii | (O 0 0 1 0 0 0 0 0 0

suv 18 13 26 18 23 45 29 16 35

N
(00)



Profiling multiple samples — Library size

Vv %

=

B. vulgatus 6 | 12
P. copri 2 4
E. rectale 0 0
B. wexlerae 3 6
A. putredinis 0 0
E. coli 0 0
C. innocuum 1 2
R. intestinalis 1 2
A. finegoldii 0 0

SUM 13 26



Profiling multiple samples — Relative abundance

e

B. vulgatus 0.5/0.5

P. copri 0.2 0.2
E. rectale O O

B. wexlerae 0.2 /0.2
A. putredinis 0 0
E. coll 0|0

C. innocuum 0.1/0.1

R. intestinalis 0.1/0.1
A. finegoldii 0 0




Profiling multiple samples — Richness

B.wulgatus |0.2/0.5/0.5/0.1/0.2, 0 {0.1/0.2] O |03
P.copi| 0.3/0.2/0.2(0.1/0.2{0.2/0.2/0.1{0.1| O
E.rectale |0.2| O | O (04| O | O] O 0 |01|01

B. wexlerae

0 : ; :
A.putredinis | O | O | O 03] 0 |03 0 O | O |03

0

0

E. coli

C. innocuum

R.intestinais 1 0.3 10.1/0.1| 0 {0.1/012/03) 0 101, O
A.finegoldii | 0 | O | 0 101| 0| O[O0 0|0 O

- Therichness is

calculated per sample

- It represents the total

number of species
observed in a sample



Profiling multiple samples — Prevalence

B. vulgatus
P. copri

E. rectale

B. wexlerae
A. putredinis
E. coli

C. innocuum
R. intestinalis

A. finegoldii

- The prevalence is

calculated per species

- It measure the number of

sample where the species
is detected



Profiling multiple samples — Prevalence

B.wulgatus |0.20.5/0.5/{0.1{0.2, 0 (0.1/0.2| O |03 — 8(0.8

P.copi| 0.3/0.2/0.2(0.1/0.2{0.2/0.2/0.1{0.1| O
E.rectale |0.2| O | O (04| O | O] O 0 |01|01

B. wexlerae

A. putredinis

0

0 ; ;
E.cil 0| O] O] 0] 0 |03|02/05/06(0.1

0

C. innocuum

R.intestinais 1 0.3 10.1/0.1| 0 {0.1/012/03) 0 101, O

- The prevalence is

calculated per species

- It measure the number of

sample where the species
is detected

- It can also be represented

as fraction of the total
amount of samples

A.finegoldi . 0 O (O |01/l O | O|O|O0O|O0O| 0| —1(.1




