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AMPLICON DATA PROCESSING TUTORIAL

(fungal amplicons example)

Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

v2.0

*task is covered by external tool

http://www.biomed.cas.cz/mbu/lbwrf/seed/


check if the external 

tools are linked

properly

Set external tools...

http://www.biomed.cas.cz/mbu/lbwrf/seed/seed2.0.php

Get example data...

Download

external

tools

Note: 

Windows 8 & Windows 10 - disable SmartScreen to avoid 

blocking of external tools...



Illumina pair-end
data

(R1 & R2 FASTQ)
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FASTQ
TEXT

joining of pair-end data
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Clustering sequences to OTUs and 
removing chimeric sequences
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*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here



Join pared-end Illumina reads…

select paired files R1 and R2 



nuber of

sequences

minimal 

sequence 

length

maximal 

sequence 

length

maximal 

base 

quality

minimal 

base 

quality

sequence title

sequence 

sequences with 

ambiguous 

bases



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
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*(Usearch-UPARSE)
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PROCESSING OF THE 
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You are here



Filter sequences by their quality…

ITS_example

_joined_qm30

GOOD

TO

SAVE 

NOW!

Save files as FASTA after each important step...



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here

(forward barcodes)



GAGCGTGA gITS7_T02

TGGCGTGA gITS7_T03

GGTGCGTGA gITS7_T06

AAAGCGTGA gITS7_T08

TCTAGCGTGA gITS7_T10

TACGTGACTCCT ITS4_301

TCTCGTACTCCT ITS4_302

TATACGACTCCT ITS4_303

TAGTAGACTCCT ITS4_304

TCTCACACTCCT ITS4_305

gITS7 GTGARTCATCGARTCTTTGForward primer

Reverse primer ITS4 TCCTCCGCTTATTGATATGC

gITS7_T02 GAGCGTGARTCATCGARTCTTTG

gITS7_T03 TGGCGTGARTCATCGARTCTTTG

gITS7_T06 GGTGCGTGARTCATCGARTCTTTG

gITS7_T08 AAAGCGTGARTCATCGARTCTTTG

gITS7_T10 TCTAGCGTGARTCATCGARTCTTTG

ITS4_301 TACGTGACTCCTCCGCTTATTGATATGC

ITS4_302 TCTCGTACTCCTCCGCTTATTGATATGC

ITS4_303 TATACGACTCCTCCGCTTATTGATATGC

ITS4_304 TAGTAGACTCCTCCGCTTATTGATATGC

ITS4_305 TCTCACACTCCTCCGCTTATTGATATGC

TAG SPACER PRIMER

Tagged

Forward 

primers

Tagged

Reverse 

primers

Sequence motive and 

tag name to search

(TAB delimited)

1. clear previous values

2. paste qequence

motives and tags to 

search (Ctrl+V)

3. search

Search for the forward tag motives...



~ 50% of sequences are in reverse orientation 

because of sequencing adaptor ligation...

make reverse complement of sequences

with no hit

...and then...

select sequence

group by double-click

total nuber of selected sequences

it may take a while...



click here (right)

and then left click

show selected

sequences



search again...

now all sequences which 

contain the searched motives 

have the same orientation...



deselect “NO HIT” 

sequence group by 

double-click

show selected

sequences

click here to discard 

orange preselected 

color



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table
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diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here

(forward barcodes)



Resize title column...

click here to set the width

Add group (tag) name to title...

ITS_example

_joined_qm30

_fwdtag

GOOD

TO

SAVE 

NOW!



Remove the tag motives from 

sequences...



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here

(reverse barcodes)



Search for the reverse tag 

motives...

TACGTGACTCCT ITS4_301

TCTCGTACTCCT ITS4_302

TATACGACTCCT ITS4_303

TAGTAGACTCCT ITS4_304

TCTCACACTCCT ITS4_305

reverse primer

ITS4 TCCTCCGCTTATTGATATGC

ITS4_301 TACGTGACTCCTCCGCTTATTGATATGC

ITS4_302 TCTCGTACTCCTCCGCTTATTGATATGC

ITS4_303 TATACGACTCCTCCGCTTATTGATATGC

ITS4_304 TAGTAGACTCCTCCGCTTATTGATATGC

ITS4_305 TCTCACACTCCTCCGCTTATTGATATGC

tagged reverse primers



deselect unused 

sequence group by 

double-click

click here (right)

and then left click

searched sequence motives



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here

(reverse barcodes)



Remove the tag 

motives from 

sequences...

ITS_example

_joined_qm30

_fwdtag_revtag

GOOD

TO

SAVE 

NOW!



Replace tag names by sample name…FWD Primer REV Primer 

SAMPLE01 gITS7_T02 ITS4_301 gITS7_T02|ITS4_301 SAMPLE01

SAMPLE02 gITS7_T02 ITS4_302 gITS7_T02|ITS4_302 SAMPLE02

SAMPLE03 gITS7_T02 ITS4_303 gITS7_T02|ITS4_303 SAMPLE03

SAMPLE04 gITS7_T02 ITS4_304 gITS7_T02|ITS4_304 SAMPLE04

SAMPLE05 gITS7_T02 ITS4_305 gITS7_T02|ITS4_305 SAMPLE05

SAMPLE06 gITS7_T03 ITS4_301 gITS7_T03|ITS4_301 SAMPLE06

SAMPLE07 gITS7_T03 ITS4_302 gITS7_T03|ITS4_302 SAMPLE07

SAMPLE08 gITS7_T03 ITS4_303 gITS7_T03|ITS4_303 SAMPLE08

SAMPLE09 gITS7_T03 ITS4_304 gITS7_T03|ITS4_304 SAMPLE09

SAMPLE10 gITS7_T03 ITS4_305 gITS7_T03|ITS4_305 SAMPLE10

SAMPLE11 gITS7_T06 ITS4_301 gITS7_T06|ITS4_301 SAMPLE11

SAMPLE12 gITS7_T06 ITS4_302 gITS7_T06|ITS4_302 SAMPLE12

SAMPLE13 gITS7_T06 ITS4_303 gITS7_T06|ITS4_303 SAMPLE13

SAMPLE14 gITS7_T06 ITS4_304 gITS7_T06|ITS4_304 SAMPLE14

SAMPLE15 gITS7_T06 ITS4_305 gITS7_T06|ITS4_305 SAMPLE15

SAMPLE16 gITS7_T08 ITS4_301 gITS7_T08|ITS4_301 SAMPLE16

SAMPLE17 gITS7_T08 ITS4_302 gITS7_T08|ITS4_302 SAMPLE17

SAMPLE18 gITS7_T08 ITS4_303 gITS7_T08|ITS4_303 SAMPLE18

SAMPLE19 gITS7_T08 ITS4_304 gITS7_T08|ITS4_304 SAMPLE19

SAMPLE20 gITS7_T08 ITS4_305 gITS7_T08|ITS4_305 SAMPLE20

SAMPLE21 gITS7_T10 ITS4_301 gITS7_T10|ITS4_301 SAMPLE21

SAMPLE22 gITS7_T10 ITS4_302 gITS7_T10|ITS4_302 SAMPLE22

SAMPLE23 gITS7_T10 ITS4_303 gITS7_T10|ITS4_303 SAMPLE23

SAMPLE24 gITS7_T10 ITS4_304 gITS7_T10|ITS4_304 SAMPLE24

SAMPLE25 gITS7_T10 ITS4_305 gITS7_T10|ITS4_305 SAMPLE25



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here



ITS_example

_joined_qm30

_fwdtag_revtag

_derep

GOOD

TO

SAVE 

NOW!

De-replicate sequences before ITS extraction…



Extract  fungal Internal Transcribed Spacers...

make new folder for output 

data...

save the data to the folder...

extraction should starts 

immediately...



close all windows and open the

result...



ITS_example

_joined_qm30

_fwdtag_revtag

_ITS2

GOOD

TO

SAVE 

NOW!

Re-replicate sequences after ITS extraction…



Remove short sequences...

set sequence length cutoff 

threshold... 



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here



Clustering sequences using USEARCH…

1. remove 

chimeric 

sequences from 

selection by 

double-click

2. show selected 

sequences…



ITS_example

_joined_qm30

_fwdtag_revtag

_ITS2

_clustered

GOOD

TO

SAVE 

NOW!

Add cluster names to titles…

This file will be used for OUT table 

construction…



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
FASTQ
TEXT

joining of pair-end data
*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
trimming/Removing of ambiguous bases

Labeling sequences by sample names

Grouping sequences by BARCODE motives

Clustering sequences to OTUs and 
removing chimeric sequences

*(Usearch-UPARSE)

fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here



get the most 

abundant sequence

from each cluster 

(fast)

(alternative) compute

a consensus from

aligned sequences

using „mafft„ aligner

(it may take a long 

while)

…be careful to choose the unique identifier 

of desired text motive…(e.g.: “|CL”)

Get clusters (OTUs) representative sequences…



CL0000|MOSTABUND|n=2118/1604

cluster name type of selection

number of

sequence

s in group

number of 

most 

abundant 

identical 

sequences 

in group

ITS_example

_joined_qm30

_fwdtag_revtag

_ITS2

_clustered_mostAbund

GOOD

TO

SAVE 

NOW!

OUTs representative sequences - the most abundant sequences…



Illumina pair-end
data

(R1 & R2 FASTQ)

FASTA 
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TEXT
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*(fastq-join)

Getting of the representative 
sequences from the clusters
(consensus/most abundant)

*(MAFFT)

Quality filtering/Sequence 
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Clustering sequences to OTUs and 
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fungal ITS extraction
*(ITSx)

Labeling sequences by 
cluster (OTU) names

Identification of OTUs
*(BLAST)

Construction 
of OTU table

Estimation of 
diversity indices

PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here



Identification of representative sequences…



blast against 

GenBank remotely…              

…search in your custom 

made database

or

…export blast results

be sure that there is no 

space in database path!



here paste the 

accession numbers of 

the blast results…

Get taxonomic classification…



…export taxonomy 

classification
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PROCESSING OF THE 
RESULTS

*task is covered by external tool

You are here



OTU table construction…

Open the file containning sample names and cluster names in titles

e.g.: ITS_example_joined_qm30_fwdtag_revtag_ITS2_clustered.fas

group sequences by samples first… 



…paste the table to excel…

OTU table is done…



Group name: Organism subphylum SAMPLE07 SAMPLE20 SAMPLE09 SAMPLE16 SAMPLE19 SAMPLE18 SAMPLE17 SAMPLE15 SAMPLE06 SAMPLE25 SAMPLE13

CL0000 Trichoderma paraviridescens Pezizomycotina 5 0 145 2 1 1 0 164 5 170 74

CL0001 Russula nigricans Agaricomycotina 103 0 0 280 0 364 323 0 125 0 1

CL0002 Pseudogymnoascus pannorum Pezizomycotina 5 3 70 2 2 0 0 63 1 35 1

CL0003 Geomyces pannorum var. asperulatus Pezizomycotina 9 5 54 5 3 3 0 16 7 82 12

CL0004 Clonostachys rosea Pezizomycotina 0 0 39 0 0 0 0 393 1 24 27

CL0005 Mucor racemosus f. sphaerosporus Mucoromycotina 1 0 71 1 0 0 0 32 0 1 33

CL0006 Humicola grisea var. grisea Pezizomycotina 0 11 314 0 2 0 0 7 0 8 5

CL0007 Pseudogymnoascus roseus Pezizomycotina 3 0 8 1 3 0 2 73 2 112 37

CL0008 Craterellus cornucopioides Agaricomycotina 0 287 0 0 296 0 0 0 0 0 0

CL0009 Mortierella humilis
Mortierellomycot
ina 200 65 2 32 54 30 36 0 110 10 4

CL0010 Mucor sp. MAB-2010h Mucoromycotina 0 0 2 0 1 0 0 50 0 57 194

blast

identification

Taxonomy

classification

OTU

table

+ additional 

metadata

Combine the obtained information…

Process the results…


