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Microbiome analysis by amplicon sequencing

Impact of diet in shaping gut microbiota revealed
by a comparative study in children from Europe
2 and rural Africa

‘. Carlotta De Filippo?, Duccio Cavalieri®, Monica Di Paola®, Matteo Ramazzotti<, Jean Baptiste Poullet?,
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One month for informatician (& me) on a super
calculation cluster of 500 k€



Microbiome analysis by amplicon sequencing

e Xtra*

Comparison of qPCR and Metabarcoding Methods as Tools for the Detection
of Airborne Inoculum of Forest Fungal Pathogens

Anne Chandelier,!-t Julie Hulin,? Gilles San Martin,! Frédéric Debode,! and Sébastien Massart?

A scientist on a personal computer !!



Progressive matching ?

Computng

power

Algorithms



Laboratory &
bioinformatics balance

Op2

V

ITATEC.T‘
— T — (BN
ACTRACLTAC




Data management: overview
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Data collecting Data processing Data validation Data storage
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6. Identification of target(s}

NTLPS://WWW.Sap.com/Insignts/what-is-aata-management.html



https://www.sap.com/insights/what-is-data-management.html

[ N »
- .- . >
vV Vv v

S

Data collecting

Results: amplicon (Mb) or shotgun (Gb)
Transfer and storage

Reference database



Q)Y

Data management: data processing S

Data processing
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Data management: data processing T A‘Iv

~ Bioinformatic Triade : Data processing

Phytopathology * 2019 » 109:488-497 * https://doi.org/10.1094/PHYTO-02-18-0067-R

Xtra* Sensitivity
e-Atra labiD 250,000 | 2,500,000 | Average
A 53% 90% 51%
B 35% 80% 46%
Virus Detection by High-Throughput Sequencing of Small RNAs: C 60% 71% 80% 70%
Large-Scale Performance Testing of Sequence Analysis Strategies D 82% 78%
E 82% 68%
Sebastien Massart,t Michela Chiumenti, Kris De Jonghe, Rachel Glover, Annelies Haegeman, Igor Koloniuk, Petr Kominek, E 88% 89%
Jan Kreuze, Denis Kutnjak, Leonidas Lotos, Francois Maclot, Varvara Maliogka, Hans J. Maree, Thibaut Olivier, Antonio e °
Olmos, Mikhail M. Pooggin, Jean-Sébastien Reynard, Ana B. Ruiz-Garcia, Dana Safarova, Pierre H. H. Schneeberger, Noa G 53% 57%
Sela, Silvia Turco, Eeva J. Vainio, Eva Varallyay, Eric Verdin, Marcel Westenberg, Yves Brostaux, and Thierry Candresse H 65% 57%
J 89%
K 68%
M 81%
N 70%
(@] 35%
P 51%
R 100%
S 86%
T 97%
v 78%
W1 73%
W2 78%
X 71% 80% 62%
AVERAGE 75% 86% 70%
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Data management: data processing (&8 B~

~ Bioinformatic Triade Jata processing

| Signal generation and base calling |

Raw reads with Quality scoresi _7 >

. At each step of data processing :  T===a,

Y

Primer/adapter/inde;
removal

Primer/adapter,
Index in raw reads?

N
Duplicated reads Y Duplicated reads r
to be removed’- removal T
N

Background reads Y Background reads
0 be removed - removal @

N

~ Step 1: analysis of raw reads

5. Analysis of raw reads
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Pairing /merging of Y Reads pairing and 1‘_
!!e q " li - d: ded 2 merging (=
Y M‘Y' ‘L’ * "‘!‘I‘ reads needex
CowTAL
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| - UNDANTED TaTa IE eI X N
SCTATEAY  AcTLAGCA SCTHT AT ACTCAS A
Denoising, i Y D

enoising &
clustering 8

Ly Fesd Cleaned and demultiplexed reads 7::)

e S

| Identification of targets and controls (bicinfo step I1) |

| Analysis of controls included in the HTS test (bioinfo step Iil) |
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Data management: data processing

Parameters.

~ Bioinformatic Triade

~ At each step of data processing

~ Step 2: identification of targets

— Cleaned and demultiplexed reads from first step of the bioinformatic

- s
2\
Bioinformatics .
triade
twm v

Data processing

<AL 7‘_analvses - see Figure 2 PN

Analysis of
individual reads?.
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Use of reference
sequence(s)2.

Shotgun
sequencing ?

De novo A

assembly —

Reads -

clustering!

Reference
4
mapping
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)
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Taxonomic and/or functional annotation of sequences A
Variant calling _)m

6. Identification of target(s)
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Evaluation of
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Evaluation of
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Data management: data processing

7. Analysis of controls

TONTROL

Or 0%
0w O

~ About controls before HTS

Data validation



7. Analysis of controls
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Data management: data processing

LIST OF WeSTS X | STy soouswces | x) | CONTROL |E3 |
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Data management: data processing

7. Analysis of controls

[ Lt o _wesis [A] GUALITY STOUEWCES | X ONTROL [ %
metmm¥ ol E EET|] O | O Data validation
mh ‘ SLT6T :‘? ACTTAR ? 0"‘- o '

e CCINTA

Number of reads mapped to RefSeq without n
threshold
Library name Batch| BanMMV | BBrMV BBTV CcMV BYDV

Alien control 3 1 125616

» Bioinformatic Triade & o —

9
ITC1498

845 6
ITC1565

ITC1607

scientist expertise to gain oo

ITC1859

ITC1861

ITC1863

ITC1867 - Old Kit

Wwiwwwiww|lwiww|w ww

collectively

Negative Control
Positive Control - Old
Kit

Positive Control
Sample 2

Sample 3

Sample 4

Sample 5

Sample J
Sample EM4
BBrMV2 No.208

BBrMV3 No.58

BBrMV4 No.15

BSOLV1 No.10

WwWwiwwwWiw(wwlww|w | ww

BBTV No0.9.58.2




Data management: data processing

7. Analysis of controls

[ Lt o _wesis [A] GUALITY STOUENCES | X ONTROL__ |*
metmm¥ ol E EET|] O | O Data validation
fﬂ" lC'-.?ﬁ‘ m:‘? A(T:Ai? ok" o '
Number of reads mapped to RefSeq without detection
threshold
Library name Batch V___BBrMV BBTV C| BYDV
° ° ° ° Alien control 1 3 1 22525
Alien control 1 1 2 25366
~ Bioinformatic Triade & e e
Alien control 1 6 30928
ITC1543 1 2 4
. o N . ITC1543 1
ITC1543 1 1 10 1
sclientist expertlse to gain 1 ;
ITC1543 1 7
ITC1723 1 1 5
. ITC1783 1 [EE
ITC1799 1 3
collectively )
ITC1827 1 4
ITC1831 1 [agsn
ITC1833 1 4
ITC1840 1 2
ITC1843 1 2 2
ITC1843 1
ITC1845 1
ITC1845 1
ITC1852 1 [7a9
ITC1855 1 [ 1857
Positive control Mix 1 _
Positive control Mix 1
Positive control Mix 1
Positive control Mix 1
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Data storage

2400-3000 Gbytes for 16-20 billions reads (up
to 3,000 billions bases)

Virus: 10M reads -> 2-3 Gbytes for one sample

Which intermediate results to keep ?
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UN:1.8 S0:coordinate
SNichrd LN:24%258621
SN:ichri@ LH:135534747
SM:chrll LN:135PB6516
SN:zchri2 LM:133851895
SN:chri3 LH:115169878
SM:chrld4 LN:187349548
SM:zchrib LM:=182531392
SN:chrib LH:9?@354753
SNzchrl? LN:81195218
SN:ichr18 LN:78@77248
SN:chrl? LH:59128983
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SN:ichr3 LN:1988224308
SNichr4 LN:191154276
SN:zchrs LN:180915268
SMichré LM:171115867
SNzchr? k 59138663
L
L

time pileuppy test.bam -f genome/genome.fa -r chr1:873535-873555
/home/tprodanov/local/bin/pileuppy test.bam -f genome/genome.fa -r c
Legend:
with mapping quality less than 10
Reads with flag matchi 048 (SUPPLEMENTARY)
less than
on top of pileu first digit of MAPQ (9 if MAPQ > 99)
g nucleotide color scheme: logo
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Soft clipp ~ %
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ID:TopHat UN:8.1.8 {Beta) CL:/software-TopHat-Fusions/tophatfusion-8.1.8-hin/|
tophat—fusion —o tophat_e¢3 —p 28 —allow—indels ——no-coverage—search —» 48 —-—mat
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E._fastqg /lllE(llﬂ/(‘l.;kl/.:EE[lll‘l[:ll‘lg (lata/FJZBilE‘!ifiﬂBi/Clean/., 3 2 PE fa., q
HUUSI— AS16AAR_PAAA3:3:56 8659 :4458 B GIGCCC
TCCTTTGCTCTGCCCGCTGGRGﬂCGGTGTTTGTCRTGGGCCTGGTCTGCRGGGRTCCTGCTRCRRRGGTGRRRCCCRGGR
GAGT GTGGAGT CCAGAGTGTTGCCAGGACCCAGG WY _WZSSUS_WYUL™Y _K\*'a_aadfZfcfafdffcadbcffgc
hfdfgffdghhffgffehhhfhhafghgghhfhh]hhghhhhhhhfghhhhhaehhhhhhhhhehhhghgdhhhhh MH:

@ MH:
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GAGCACAGGCAGACA hhhhhhhchhhhhgeaffffhhffghahghhhghhhgefghgggfggghahhacffdfcfffaa
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1. Linux B&W screens



Progressive matching: use friendly interfaces

2. User-friendly interface (€)



3. Virus-oriented (linux or windows)



Progressive matching: use frlendly interfaces
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Metagenomic Analysis
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4. HTML-based



Integrity, safety & hacking
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EPPO standard on diagnostics

DOI: 10.1111/epp.12884

EPPO STANDARD ON DIAGNOSTICS

PM 7/151 (1) Considerations for the use of high throughput
sequencing in plant health diagnostics]
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Hardware capacity and upgrade : storage ?

Hardware capacity and upgrade: CPU ?

IT security and policies compatible ?

Which level of bioinformatic knowledge ?



SpeC|aI thanks to hundreds of pIant pathologlsts coIIaboratlng
on disseminating HTS and making it more reliable
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