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& BIOLAWEB Metabarcoding steps

) ) Barcode . Bioinformatic

mplin DNA extraction o Sequencin .

Sampling extractio amplification q g analysis
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Metabarcoding steps

Sampling

. Barcode . Bioinformatic
DNA extraction e Sequencin :

amplification q9 g analysis

- / M X 2N ATCGCTTTGGACCT

5 9 XDRDR REy RS

S Dy, / \ ATCGCTTTGGACCT

g . ATCGAATTGGAACA
)R A o — ATCGCTTTGGACCT
?3.% Q. C— ATCGAATTGGAACA

G

« Clean » conditions

Avoid contaminations
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GONTAMINATION EVERYWHERE

* ATCGCTTTGGACCT

ATCGCTTTGGACCT
‘ ATCGCTTTGGACCT
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COBIOLAWEB Metabarcoding steps
Diatom biofilm : Ancient DNA:
thousandsof cells/cm2 A very few/m2

yrmatic

Sampling DN -
ysis

TGGACCT
TGGAACA
TGGACCT
TGGAACA
TGGACCT
TGGAACA

Lo

« Clean » conditions /\

Avoid contaminations (©) AtcecTTTGGACCT

‘ ATCGCTTTGGACCT
* ATCGCTTTGGACCT
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& BIOLAWEB « Clean » conditions DNA extraction

Clean material « Sterile » environment Negative controls
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Sampling

A BIOLAWER

Sampling

Clean dishes.
Use of hydrogen peroxide, HCI, bleach, autoclave,

sterile devices ...
Add negative controls
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A BIOLAWER

Sampling

Sampling

Clean dishes.

Use of hydrogen peroxide, HCI, bleach, autoclave,
sterile devices ...

Add negative controls i
§
Sample preservation : preservation of DNA A

-80°C or -20°C that preserve DNA (ideal for long-term preservation)
Other solutions, such as buffers or ethanol
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Metabarcoding steps

Sampling

Barcode . Bioinformatic
DNA extraction L Sequencin :
extractio amplification q g analysis
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A BIOLAWER

Metabarcoding steps

Barcode . Bioinformatic
- ' L Sequencin .

Sampling DNA extraction amplification q g analysis
£ {DXDUR AeseTTesaceT AN

O o Oy /N ATCOAATTGOAACA

¥ - — ATCGCTTTGGACCT

7;.% 2, — ATCGAATTGGAACA

&} -
Objectives

Extract DNA of good quality and quantity from the targeted

organisms

www.biolaweb.com
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& BIOLAWEB DNA extraction DNA extraction
In a given sample, the DNA molecule is associated with different v =) §§‘
molecules :
Of the matrix Within the cell Within DNA molecule
Mineral and organic Intracellular organelles Histones

molecules
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& BIOLAWEB DNA extraction

In a given sample, their can be a lot of inhibitors for PCR

Tipe of
whib Lor Meliuli o w0 Foura WMochaisovs' Risher mon
Pelymersse A sarechog Eing AN 00 compoam e 127)
inlel s alum e
thafted caste
Mg Samecheg wah Adsocnca of Me™ or 127) qm\ ‘W‘“’,ﬁ.‘l\‘
aldum crmpre Tt of polmerne 4 \
Lpnale sVets
Wole salts fohwrla and deoces TN lhedr wwn godhin e [15,5)
decapcholiz ackd ) | |
Caloum oas Mk Lompetinon with te polercce [21)
o lne Mp™
Coligzn Fome Aleration of jor cxnpoascn [62)
b bincing canons
EDTA Aowsooapule Chedavon o’ My™ (63)
FeCl, Edexse of v joms 51)
Froc madcals UV et ol Howtion with polarcase (61 L6)
MR b
Fulhvi acid Sl BinZing to pohmree 151)

DNA extraction
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& BIOLAWEB DNA extraction

Main steps of DNA extraction

1/ Lysis of cellular membrane

2/ Separation of DNA from cellular
debris, proteins and inhibitors

3/ Elution of DNA t

DNA extraction

Citrupted €S %v
microaigas S ”’W,,
& p
- § L

&
I
DA
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Cé:j OLAWEB DNA extraction DNA extraction

)
Needs to be adapted
to the matrix SN
Needs to be adapted > S

to the organisms

Needs to be adapted
to the question

www.biolaweb.com



& BIOLAWEB DNA extraction DNA extraction

Main steps of DNA extraction Phenol-chloroform protocol O b B

1/ Lysis of cellular membrane

I=

‘l- '
2/ Separation of DNA from cellular
debris, proteins and inhibitors Commercial kits

3/ Elution of DNA e

Funded by European Union www.biolaweb.com



& BIOLAWEB DNA extraction DNA extraction

1/ Lysis of cellular membrane
§ £ ’ {
% §&
Physical Chemicals Enzymatic %
Break the cells physically chemicals that will destabilize  Use of enzymes that will
- Bead-beating the lipid membrane : disrupt the cell membrane:
- freeze/thaw cycles - Detergents - Cellulase
- Ultrasonication - Solvents - Lysozyme
- - Acids
- g
G %& %)%g} r"ﬁ(
y AN

o drey Moarninas saionl
.

e Moy g cinwdan i ad
vt solodaod
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& BIOLAWEB DNA extraction DNA extraction

. . . 2 %%
2/ Separation of DNA from membranes debris / proteins & §
- s
sand  Adenine , - - e s
- w3 > end P

Use the natural properties °7W ‘ “‘,5"
of DNA: Vﬁ "
} : Yoo WHY 510 THE BEAR DISSELVE IN
. ? #’ ,4% WATER
- hydrosoluble h -

- Negatively .,.ﬁ‘?,:’ﬁé?{, %@dN, -
charged ; . "
.‘ f; {6_&;) g ITWAS POLER
\Ipf A
5

GuanineCyrosin
3 end
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& BIOLAWEB DNA extraction DNA extraction

2/ Separation of DNA from membranes debris / proteins

Use of silice column (kits)

S I

j#..ﬂﬂs,

lo | .\
W

-—
—
-

Birding \Washing

Low pH and high salts
(chaotropic) : DNA binds to the
silicate membrane
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& BIOLAWEB DNA extraction DNA extraction

2/ Separation of DNA from membranes debris / proteins

Use of silice column (kits)

]
-

-
C
&

Birding \Washing Elution

Low pH and high salts

(chaotropic) : DNA binds to the Higher pH - low salt : silicate
silicate membrane membrane become negative

and DNA is eluted

Funded by European Union www.biolaweb.com



& BIOLAWEB DNA extraction DNA extraction

2/ Separation of DNA from membranes debris / proteins

Use of magnetic beads (kits)

Beads Magnetic -
Binding Separation wmmm Elution Magnetic beads are small

D (20-30nm) iron oxide
particles
They are coated with silica
to bind dna
ONARNASY mpurities w Works also with salts and

- ma-; et = ‘uﬂnﬂt .7

' ’ s solution with different pH
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& BIOLAWEB DNA extraction DNA extraction

S @,

2/ Separation of DNA from membranes debris / proteins & {
= é% §&

Use of organic solvants (phenol-chloroform extraction) G

/{ Organic Extraction \

(els ol

= » N mp

bysate Uoids DNA P phasee 1A
Add $0S and Incubate Add POIA Transfer and Retain DNA is precipitated with
\MK Vortex and Centrifuge Mwm'hmony salts and isopropanol
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& BIOLAWEB DNA extraction DNA extraction
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&) BIOLAWEB DNA extraction

Powser supply

DNA check

+ o8

samglea

dlfm
af muyeenent d

s ation Electrophoresis tank

DNA extraction
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ijj JLAWEB DNA extraction DNA extraction

Powser supply

DNA check

samigle
walls DNA Mass Base Pairs
& electrada na/Sul)
- o 20,000
0 — 0
-~ % -
] — 5000
h 30 —_— a0
100 — 3,000
0 — 2000
0 — 1 500
direction p—
af muyerne nt @ elcctrode : —_— U:?
/ (Kuhn et al., 2018) 0 - w0
bufier )
s uation Electrophoresis tank 0 250
. )
DNA intercalant that fluoresce - .
under UV light 1 % TAE agarose gel
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& BIOLAWEB DNA extraction DNA extraction

S @,
DNA guantity and quality check w,_,,

Absorbance at 260nm :DNA quantity

Spectrophotometer N
- /'.;_;?ﬂ(n
o4 ,’ \ 14- \
2 / \ 13- AN
e ,’ \ T \C / kY
x / \ 114 ! \ A= Normal
2 oy | ’/ \ Y .‘,:_\\ J o, \ B = Guaniding
=\ $00. \\ AF C =Phenal
$a\ 2algm SUANGY
2 . Riam \ 26 BSF
2 \ §08-\
0 \ e Ddd S
: \ E A
\ 22
2 \ 0 .
oL . - b S — 000 o e e——
B M8 MO D D CW SO0 0% MM ) 0N OO O ————— -
W e 220 730 240 250 200 I7D 280 250 300 317 5E0 580 I

‘Wsehang b *m
Protein and organic contaminations:
260/230 or 260/280
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A BIOLAWER

Metabarcoding steps

Sampling

Barcode . Bioinformatic
DNA extraction L Sequencin :
extractio amplification q g analysis
£ TR e NeRea
T L vy | | [retness
S - — =
% e — A R
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www.biolaweb.com

Funded by European Union




A BIOLAWER

Metabarcoding steps

Sampling

Barcode . Bioinformatic

' L Sequencin .

DNA extraction amplification q g analysis
5 a OOIR || e o]

5 20 / \ ATCGCTTTGGACCT
SN I — ATCGCTTTGOACCT
7;.% &% §§ — ATCGAATTGGAACA

5. —
Objectives

Amplify the barcode in thousands of identical copies

www.biolaweb.com
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Barcode

ng OLAWEB PCR steps amplification
w&
I —
In the Ce” PNA payinerase 3’
New DNA strand
template scrend made in 5’ = J' direction
57
m\um I The DNA
o i polymerascs
§ ' | - 3’ move in 3' . 5" direclion pOIymera.se cannot
] | Vil , O of tamplate synthesize a new
% ] T =5 DNA strand de
g camplate strand L 5 novo. She can only
p R, e add new nucleotides
2 i to a previous

existing strand
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B d
CHBIoLAWE PCR steps amplification
XA
-/_\-
In the lab : Artificially separate Use primers for the DNA
the 2 DNA strands polymerase to start the synthesis

of a new strand

Use of a high-fidelity
DNA polymerase
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Barcode
amplification

& BIOLAWEB Different steps of PCR
N DNA template
B gNTPs T Primer forward
— O DNA polymerase I m c I Primer reverse

[T~

S

\
A

AN
—
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Barcode
amplification

& BIOLAWEB Different steps of PCR
N DNA template
B gNTPs T Primer forward
E— O DNA polymerase & T - Primer reverse
4 )
& I 5
5 I
DNA denaturation
95°C
. _J
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Barcode
amplification

(% BIOLAWEB Different steps of PCR
N DNA template
B gNTPs T Primer forward
E— O DNA polymerase & T - Primer reverse

a )

3 [ 5

5 I

DNA denaturation

a )

95°C

. J

3 I 5
5

3
2 E

Annealing
50-60°C

XK

pe
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Barcode
amplification

& BIOLAWEB Different steps of PCR
X DNA template
B gNTPs ™ Primer forward
E— O DNA polymerase & T - Primer reverse

a )

3 [ 5

5 I

DNA denaturation

95°C

. J

3 I 5
5

o
2 E

Annealing
50-60°C

a N[

Extension
72°C

XA

AN
—
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amplification

& BIOLAWEB Different steps of PCR Barcode

f/W‘\
DNA template
B gNTPs ™ Primer forward
\/ I O polymerase A m H [ Primer reverse E

a N[ N[ N )

& I 5 g [ 5 5 7 I
o I— 5'#_.. &
ol
=
o - — 5 5 I &
5 I 5 I 5 3 g4 [
DNA denaturation Annealing Extension
95°C 50-60°C 72°C

. AN ANE /NG J
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& ) Barcode
BIOLAWEB amplification

\, DO

Different steps of PCR

Ny
ZA

DNA template B gNTPs T Primer forward -/—\-
\/ — O DNA polymerase I [ c I Primer reverse E
1st cycle 2nd cycle 3rd cycle
& I > e —
' : 5 I >
s I—— P — e F N cycles

o I 5
1  H

4 amplicons

e
5 I 5
T
& I 5
5 I

8 amplicons

e
5 I N 3
g
5 I N >
& o T 5
5 I 3
o I 5
5 I 5

16 amplicons

At the end : in theory you
have 2*n copies of your
original molecule

Funded by European Union
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Barcode
During the PCR...Creation of chimera amplification
XU
-/_\-
* =
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During the PCR...Creation of chimera

During the

amplification, the

polymeras

e stops

J

Funded by European Union
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amplification
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DT
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During the
amplification, the
polymerase stops

J

During the PCR...Creation of chimera

3

4 )

e —

Despite mismatches,
the short DNA
fragment hybridize in

\the wrong template )

Barcode
amplification

XU~

AN
—
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During the
amplification, the
polymerase stops

J

During the PCR...Creation of chimera

3

4 )

e —

Despite mismatches,
the short DNA
fragment hybridize in

\the wrong template )

\others

And the PCR
continues... the
wrong template will
be amplified as the

Barcode
amplification

XU~

AN
—

J
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During the
amplification, the
polymerase stops

J

During the PCR...Creation of chimera

3

4 )

e —

Despite mismatches,
the short DNA
fragment hybridize in

\the wrong template )

\others

And the PCR
continues... the
wrong template will
be amplified as the

Barcode
amplification

XU~

AN
—

At the end, you have
a mix of true
amplicons and a

J

chimera
. Y,

Funded by European Union
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Barcode

COEBIOLAWEB After the PCR... amplification
DT
-/_\-

Check if we have well amplified the barcodes with
electrophoresis

- Jpear www.biolaweb.com



A BIOLAWER

Metabarcoding steps

Sampling

Barcode . Bioinformatic
' L Sequencin .
DNA extraction amplification q g analysis
5 a OOIR || e o]
5 20 / \ ATCGCTTTGGACCT
SN I — ATCGCTTTGOACCT
7;.% &% §§ — ATCGAATTGGAACA
5. —
Objectives

Get the DNA sequence of all amplified barcodes

www.biolaweb.com
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CBIOLAWEB Sequencing technologies

1st generation (1990s) 2nd generation (2005 -) 3rd generation (2011 -)

-—

Roche 454, lllumina, lon

PacBio, Oxford Nanopore
torrent
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ij OLAWEB Sequencing technologies

1st generation (1990s) 2nd generation (2005 - ) 3rd generation (2011 -)

—

Sanger ,-.5\\:q'uf(,';,"l',-.q\ﬁfl. E)?rcehnet 454, lllumina, lon PacBio, Oxford Nanopore
96 seq/run
400-900pb

0.3% error rate

- Funded by European Union www.biolaweb.com



(:fj OLAWEB Sequencing technologies

1st generation (1990s) 2nd generation (2005 - ) 3rd generation (2011 -)

—

Sanger ,-.5\\:@'nffl',',"l',-.q\[.,fl. ’I[?)?rcehnet 454, lllumina, lon PacBio, Oxford Nanopore
96 seq/run Millions seqg/run

400-900pb 150-300 pb

0.3% error rate 0.1 - 1% error rate

- Funded by European Union www.biolaweb.com



Cg:j DLAWEB Sequencing technologies

1st generation (1990s) 2nd generation (2005 - ) 3rd generation (2011 -)

-

Sanger ,-.p\:q'ufl'l’,'!",','.q\[.,.rf. ’I[?)?rcehnet 454, lllumina, lon PacBio, Oxford Nanopore
96 seq/run Millions seqg/run ~1 millions seqg/run
400-900pb 150-300 pb 100 000 pb

0.3% error rate 0.1 - 1% error rate 12% but decreasing

- Funded by European Union www.biolaweb.com



A BIOLAWER

1st generation (1990s)

Not adapted to
metabarcoding

m
0.3% error rate

Sequencing technologies

~

g

2nd generation (2005 - )

—

Roche 454, lllumina, lon
torrent

Millions seq/run
150-300 pb
0.1 - 1% error rate

~

Funded by European Union

3rd generation (2011 -)

Still in development

- (error rates)

1
h
12% but decreasing

www.biolaweb.com



&Y BIOLAWEB Sequencing

ATCGCTTTGGACCT
ATCGAATTGGAACA

lllumina MiSeq ATCaAnTToong =
Nwwe
ATCORA

Sequencing length of 400-500 bp max

: . —> - I
Paired-end sequencing  — . ——

Up to 50 millions paired-end sequences in one run

Run last around 1day

Funded by European Union www.biolaweb.com



. Barcode
A BIOLAWER Mutliplexed PCR amplification

XU

pe

Amplicons needs some additional elements for lllumina technology

5' N I . 3
l Ligation

S I I T ——— 3

Funded by European Union www.biolaweb.com



& BIOLAWEB Mutliplexed PCR

Amplicons needs some additional elements for lllumina technology
5 I s
l Ligation
5' I 3

1 run lllumina : 50 000 000 sequences
1 sample : 50 000 -150 000 sequences

—> Put multiple sample in one run

Barcode
amplification

{DXDUR

AN
—

Funded by European Union www.biolaweb.com




~ ] Barcode
COBIOLAWEB Mutliplexed PCR amplification

XU~

AN
—

Amplicons needs some additional elements for lllumina technology

S ——

l Ligation

S I N T N —— 3

Ind
1 run lllumina : 50 000 000 sequences § Index

1 sample : 50 000 -150 000 sequences Add a combinaison of index that
will be specific for each sample.

—> Put multiple sample in one run

Index : short sequence ~5bp

Funded by European Union www.biolaweb.com



. Barcode
& BIOLAWER Mutliplexed PCR amplification

DT

Ny
ZA

AN
—

Amplicons needs some additional elements for lllumina technology

S ——

l Ligation

SN T !

Index

+ Add specific adapters that our amplicon
will bind to the Illumina flowcell
+ Sequencing initiation sites

N
I lllumina adapter P5
BN [llumina adapter P7
Bl B sequencing initiation sites

Funded by European Union www.biolaweb.com



. Barcode
& BIOLAWEB lllumina technology amplification

XU

AN
—

Ready for sequencing !

L e R L o
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& BIOLAWEB Sequencing

ATCGCTTTGGACCT
ATCGAATTGGAACA

lllumina technology

Fixation in the flow
cell

Funded by European Union www.biolaweb.com



& BIOLAWEB Sequencing

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGAC

lllumina teChnO|Ogy ATCGAATTGG

ATCGCT

ATCGAA

Fixation in the flow Bridge amplification
cell

Funded by European Union www.biolaweb.com




Cﬁ BIOLAWEB i :G)Clusrer

Clusters are visible
with a high

lllumina technology resolution camera

Fixation in the flow Bridge amplification
cell

Sequencing

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGAC
ATCGAATTGG
ATCGCT

ATCGAA

Funded by European Union www.biolaweb.com




ng OLAWEB * o Fluorescent nucleotides
T ¢ with reversible

terminator

lllumina technology

Forward strand

l || | | J|—|—|—|J_25.Pb l-:l : |
o 4

Segquencing of read 1 4-channe .H

= j—t -
1] | qea p
Yy

Sequencing

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGAC
ATCGAATTGG
ATCGCT

ATCGAA

-  TGCT C
) Basa caling

by European Union www.biolaweb.com




C BIOLAWEB

lllumina technology

Read 1 mmaaasssssssss + =
|
1Index

Sequencing of index 1

Sequencing

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGAC
ATCGAATTGG
ATCGCT

ATCGAA

- Funded b www.biolaweb.com




Sequencing

C BIOLAWEB

ATCGCTTTGGACCT
ATCGAATTGGAACA

ATCGCTTTGGAC

lllumina teChnO|Ogy ATCGAATTGG
ATCGCT

ATCGAA

Reverse strand

Forward strand

ik
\ 250pb

Sequencing of read 2 and index 2

- Funded b www.biolaweb.com




Sequencing

C BIOLAWEB

ATCGCTTTGGACCT
ATCGAATTGGAACA

ATCGCTTTGGAC
ATCGAATTGG

lllumina technology
ATCGCT

ATCGAA

W

250pb

Read 1 mow—
Read 2 psse———

—

Demultiplexing

www.biolaweb.com




COBIOLAWEB

Output file

Funded by European Union

Sequencing

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGAC
ATCGAATTGG
ATCGCT

ATCGAA

@seq_1_ID

ATCCTGTCGTCTGCT....

+ 1>AAAFAFAFFF

@seq_2_ID

ATCCTGTCGTCCGG... @seq_1_ID
ATCCTGTCGTCTGCT....
+ 1>AAAFAFAFFF

12 Go @seq_2_1D

ATCCTGTCGTCCGG...

www.biolaweb.com




COBIOLAWEB Sequencing

ATCGCTTTGGACCT

ATCGAATTGGAACA
ATCGCTTTGGAC
ATCGAATTGG

Output file : fastq file ATGORA

Defline | @m01028:94:000000000-AHT10:1:1101:15604:1824 1:N:0:10

ATGCTCCAGCAGCTGCGGTAATACGGAGGATGCAAGCGTTATCCGGATTTATTGGGTTTAAAGGGTCCGCAGGCGGATCAATAAGT
CAGTGGTGAAAGCCCATAGCTCAACTATGGAACTGCCATTGAAACTGTTGATCTTGAGTCTAGTTGACGTAGGCGGAATGTGACTT S e q uence
GTAGCGGTGAAATGCATAGATATGTCACAGAACACCAATTGCGAAGGCAGCTTACGTAACTCGACTGACGCTCTTGGAC

+

3AABAFFFFFFFGGGGGGEGGGHHHGEGG2FFB3BDEEGG2F5FECBEEHDFGGFFEFG3AFFG?GCCEO>EE?FG/
>EE3FF3DG44FGHEHGBGE3GGHGF2?GGFF?GFCGFBHHFHFHFBF@2F2 Quallty score
FHGBHHD1GHGGH1CHFF11GFBD1CFCAD1<@CCCOCCO;0<CGFOC-@GA.0;;0C0;;FFCCFBB9090;/;9/

BE..;FB09-9-:....FF;B../;.//9.9..//9.9..9B///

www.biolaweb.com




C BIOLAWEB Sequencing
ATCGCTTTGGACCT
ATCGAATTGGAACA

S, X Y
Defline | @m01028:94:000000000-AHT10:1:1101:15604:1824 1:N:0:10

ATGCTCCAGCAGCTGCGGTAATACGGAGGATGCAAGCGTTATCCGGATTTATTGGGTTTAAAGGGTCCGCAGGCGGATCAATAAGT
CAGTGGTGAAAGCCCATAGCTCAACTATGGAACTGCCATTGAAACTGTTGATCTTGAGTCTAGTTGACGTAGGCGGAATGTGACTT S e q uence
GTAGCGGTGAAATGCATAGATATGTCACAGAACACCAATTGCGAAGGCAGCTTACGTAACTCGACTGACGCTCTTGGAC

+

3AABAFFFFFFFGGGGGGEGGGHHHGEGG2FFB3BDEEGG2F5FECBEEHDFGGFFEFG3AFFG?GCCEO>EE?FG/
>EE3FF3DG44FGHEHGBGE3GGHGF2?GGFF?GFCGFBHHFHFHFBF@2F2
FHGBHHD1GHGGH1CHFF11GFBD1CFCAD1<@CCCOCCO;0<CGFOC-@GA.0;;0C0;;FFCCFBB9090;/;9/
BE..;FB09-9-.....FF;B../;.//9.9..//9.9..98///

@M01028:94:000000000-AHT10:1:1101:12447:1845 1:N:0:10

Quiality score

- y Eu www.biolaweb.com




& BIOLAWEB Output file : fastq file Sequencing

Get a fastq file for each sample ATOGCTTTCCACCT

Read 1 Read 2 AA[S
@ Seq 1 @ Seq 1
- ]
+ +
S S
@ Seq 2 @ Seq 2 ~ 100 000
- ] ] Sequences
+ +
S S
@ Seq 3 @ Seq 3

Funded by European Union
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A BIOLAWER

Metabarcoding steps

Sampling

Barcode . Bioinformatic
DNA extraction L Sequencin :
extractio amplification q g analysis
£ TR e NeRea
T L e —y ||| [renesss
S - — =
% e — A R
EN. —

www.biolaweb.com
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A BIOLAWER

Metabarcoding steps

Barcode . Bioinformatic
' ' L Sequencin .
Sampling DNA extraction amplification q g analysis

£ o {DXDUR AeseTTesaceT AN

§ o / \ ATCGCTTTGGACCT

AN — e

7;.% ”% §§ — ATCGAATTGGAACA

A ——
Objectives

Correct the reads from PCR and sequencing errors, and try to
reconstruct meaningful « groups » of sequences that can be
equivalent as species

www.biolaweb.com

Funded by European Union
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& BIOLAWEB Bioinformatic steps analysis

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA

. Get complete barcode sequences of high quality

. « Reconstruct » species

. Taxonomic assignation

Funded by European Union www.biolaweb.com
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Filter reads based on their
quality profile

Remove primers

Merge the read 1 and read 2

Remove chimera

Read 1

AN

Bioinformatic steps

‘ Get complete barcode sequences of high quality

Read 2

/

Merged read

Bioinformatic
analysis

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA

Funded by European Union
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Bioinformatic steps Bioinformatic
&Y BIOLAWEB p D
AT CORATIGOARCA
. « Reconstruct » species ATCOAATTGGARGA
ATCGCTTTGGACCT
ATCGAATTGGAACA

Why? Because we have to deal with 2 things : natural
intraspecific variability and sequencing errors.

At the end you don’t have a true species as it is artificially
reconstructed sequence

Funded by European Union www.biolaweb.com
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& BIOLAWEB Bioinformatic steps analysis

ATCGCTTTGGACCT
ATCGAATTGGAACA

‘ « Reconstruct » species ATCOAATTGGARGA

ATCGCTTTGGACCT
ATCGAATTGGAACA

Sample sequences Amplicon reads

Funded by European Union www.biolaweb.com
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& BIOLAWEB Bioinformatic steps analysis

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT

. « Reconstruct » species ATCGAATTGGAACA
ATCGCTTTGGACCT

ATCGAATTGGAACA

Sample sequences Amplicon reads Clustering (OTUs)

otu 1
otu 2

. —ﬁ
[ )
(]
. ° . otu 3

.0
O
@
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Bioinformatic

& BIOLAWEB Bioinformatic steps analysis

ATCGCTTTGGACCT
ATCGAATTGGAACA

. « Reconstruct » species ATCOAATTGGARGA

ATCGCTTTGGACCT
ATCGAATTGGAACA

Sample sequences Amplicon reads Clustering (OTUs) Clustering Swarm

otu 1 otu 1
otu 2

() ——
‘ .‘
D
() ()
. otu 3

" otu 3

.0
»
®

®
»
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. « Reconstruct » species

Amplicon reads

Sample sequences

ASV1 ASV2 °
L)
°o
a ©® % o
O @ -
ASV4 ASV3

.. —ﬁ
‘ .‘
o ()
ASV5 ° .

_

Denoising (DADAZ2)

Funded by European Union

Clustering (OTUs)

Bioinformatic steps

otu 1

otu 2

L

otu 3

Clustering Swarm

Bioinformatic
analysis

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA

otu 3

www.biolaweb.com
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. Taxonomic assignation

Reference database

OTUs/ASV
sequences e ]
S Sequences are .
] compared to
| reference
— databases }“"
] RV

Bioinformatic
analysis

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA

Sequences are not
aligned as it would
be too time-
consuming and
resource expensive
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Get complete barcode sequences
of high quality

Bioinformatic
analysis

(
. « Reconstruct » species

-

Bioinformatic
workflow

~

_J

. Taxonomic assignation

ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA

www.biolaweb.com
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D SLAWEB Bioinformatic
@ Different workflows analysis
ATCOAATTGGAACA
@seq_1.ID oo
ATCCTGTCGTCTGCT.... ATCGCTTTGGACCT
+ 1>AAAFAFAFFF @seq_1_ID ATCGAATTGGAACA
@seq_2_ID ATCCTGTCGTCTGCT....
ATCCTGTCGTCCGG... + 1>AAAFAFAFFF ot T o
@seq_Z_lD . B :| bl il b, » we 1) e
o tameOUlIT. W # e 1) e
ATCCTGTCGTCCGG...
12 Go OGS oo

= millions of reads

= thousands of OTUs/ASVs - LY m_, o, T

Use of bioinformatic
(it is not an option)
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COBIOLAWEB Different workflows analysis
ATCOAATTGGAAGA
DON'T PANIC There are different softwares available to ATCecTITScACCT
. . . i ATCGCTTTGGACCT
do all the bioinformatic analysis : ATCGAATTGGAACA

A

2 CHLDAC

Mothur : open QIIME: open DADAZ2 : open
source software  source software  source software
Own language Python R language

Funded by European Union www.biolaweb.com



w34 2 Bioinformatic
& BIOLAWEB ﬁ’&DA analysis

R1 R2 ATCGCTTTGGACCT
] . . mesiTeoe:
l Online tutorial ATCGAATTGGAACA
ATCGCTTTGGACCT
Quality filter ATCGAATTGGAACA
DADAZ Fast and suourate semple mference from
o amplicon cata with sing e-mac ratide resolutian
Denoising . 2
L DA Widely usec
Mergin o Cip e
o smokesn Saqorins, Gy language within
" PO R e v o e b s et M BB b bt e Nas AN O o " .
biologists
ASV table Instal ation
i T e — WHERE DO | FIND
Remove chimera b St i e e bt R et
Tutoris's
Assign taxonomy :‘“*'?T_t'__" s
DADAZ2 pipeline T 3
, ) = stackoverflow

i
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Metabarcoding steps

Sampling

Barcode . Bioinformatic
DNA extraction o Sequencin .
extractio amplification q g analysis
5 XA e e
S o /N ATCCCTIeCACR e TesAT
$ %%% s I . ATCGCT Vo ATCGCTTTGGACCT
£ Q, @&\\\‘ — ATCGAA ATCGAATTGGAACA

WHERENM |, WHOIRE YOU
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Metabarcoding steps - without optimization

Sampling

Barcode . Bioinformatic
DNA extraction o Sequencin .

extractio amplification q g analysis
5 o, LR e Nesmeeet
0o o AR NEHRe
SR N

a; §§ — mSceTTasucer

2. —
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Metabarcoding steps - without optimization

Sampling

Barcode . Bioinformatic
' L Sequencin .
DNA extraction amplification q g analysis
LXK ATCGAKTTGGARGA ATCOAATTGOAAGA
/ ATCGCTTTGGACCT
ATCGAATTGGAACA
| | ATCGCTTTGGACCT

i I/

ATCGAATTGGAACA

Funded by European Union

www.biolaweb.com




A BIOLAWER

Metabarcoding steps - without optimization

Sampling

Funded by European Union

Barcode . Bioinformatic
' L Sequencin .
DNA extraction amplification q g analysis
LXK ATCGAKTTGGARGA ATCOAATTGOAAGA
/ ATCGCTTTGGACCT
ATCGAATTGGAACA
| - ATCGCTTTGGACCT

ATCGAATTGGAACA

www.biolaweb.com




& BIOLAWEB Metabarcoding steps - without optimization

Barcode : Bioinformatic
' ' L Sequencin .
Sampling DNA extraction amplification q g analysis
X ]ORN AT COANTTGOARCA ATCOAATTGGARCA
/N ATCOAATTGGARGA
-_- ATCGCTTTGGACCT
a— ATCGAATTGGAACA
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& BIOLAWEB Metabarcoding steps - without optimization

Barcode : Bioinformatic
' ' L Sequencin .
Sampling DNA extraction amplification q g analysis
X ]ORN AT COANTTGOARCA ATCOAATTGGARCA
/N ATCOAATTGGARGA
-_- ATCGCTTTGGACCT
a— ATCGAATTGGAACA
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& BIOLAWEB Metabarcoding steps - without optimization

Barcode . Bioinformatic
' ' o Sequencin .
Sampling DNA extraction amplification q g analysis
LXK ATCOAATTGOARCA ATCOAATTGOARCA
/ ATCGCTTTGGACCT

ATCGAATTGGAACA
ATCGCTTTGGACCT
ATCGAATTGGAACA
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& BIOLAWEB Metabarcoding steps - with optimization

Barcode . Bioinformatic
' ' L Sequencin .
Sampling DNA extraction amplification q g analysis
S @, LR ATCOAATTGOAAGA ATCOAATTGOARCA
§ 8 / ATCGCTTTGGACCT
s " ran et
’Z,% §§ = ATCGAATTGGAACA
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You'll see in the next presentations how this workflow was designed,
optimized, tested and verified to do biomonitoring of diatoms

Very good
T W ATCGCTTTGGACCT
Qﬁ 2y, %HDW ATCGAATTGGAACA (Lot
S 2 / \ E ATCGCTTTGGACCT
< 47 - ATCGAATTGGAACA Moderate
& ,g% I — ATCGCTTTGGACCT -
2 9 —— ATCGAATTGGAACA
). Poor
A ' /ery poor
NPT

How we are currently doing this for the biomonitoring of phytoplankton...
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Any questions?
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