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Metabarcoding analysis

Nillson et al. 2019



Metabarcoding analysis

Anslan et al. 2018 Sample vs species matrix (OTU table)



Richness estimation



OTUs skewness

• e-DNA Sampling issues

• PCR and sequencing errors

• Intraspecific genetic variation

• Incomplete reference databases
(difficult in separating error from 
true OTUs)

Rare 
biosphere



10687 Achaeorhizomyces OTUs!



156 Fagus OTUs!



Filtering and trimming

• 97% clustering

• OTU with at least 10 reads in total

• OTU present in at least 2 samples



Filtering and trimming

Still 19 Fagus OTUs!





• The aim is to retain true α-diversity and taxonomic 
composition, while discarding the artefactual OTUs 
from community data derived by HTS of marker genes 
(metabarcoding).

• Independent of reference database and 
pipeline/algorithm

LULU – An algorithm for post-clustering 
curation of DNA amplicon data yields reliable 
biodiversity estimates



• The core mechanism is the identification and merging 
of ‘daughter’ OTUs with consistently co-occurring, 
sequence similar, but more abundant ‘parent’ OTUs 
across a multi-sample data set, under the assumption 
that the ‘daughter’ OTUs are artefacts.

LULU – An algorithm for post-clustering 
curation of DNA amplicon data yields reliable 
biodiversity estimates



LULU – An algorithm for post-clustering 
curation of DNA amplicon data yields reliable 
biodiversity estimates

Parent
OTU

Daughter
OTU



• Correspondence of OTU (plant ITS2 sequence data) 
richness vs. plant richness for each of the 130 sampling 
sites

Curation effect: OTU vs plant richness



Total OTU richness 
vs Plant richness

Taxonomic redundancy

Betadiversity

Best reference match

Percentage of OTUs having 
taxonomically redundant 
annotation

OTU β-diversity (total richness / 
mean site richness) compared to 
plant β-diversity (17.23, dashed 
line)

Distribution of best reference 
database (GenBank) match for 
OTUs retained and discarded by 
LULU

Total number of OTUs compared
to total plant species recorded
(564 species)



LULU curation effect - Erica



LULU curation effect - Acer



• Improve biodiversity metrics irrespective of initial clustering 
algorithm – especially metrics relating to richness

• A fast procedure - easy to learn

• A step-by-step tutorial (and test data) can be found on 
GitHub: https://github.com/tobiasgf/lulu

Contact: Tobias Guldberg Frøslev
Natural History Museum of Denmark
København K
tobiasgf@bio.ku.dk

LULU –

https://github.com/tobiasgf/lulu
mailto:tobiasgf@bio.ku.dk


LULU – work-flow



LULU – Practical exercise
1. Log-in to the abel:
qlogin --account=ln0002k --mem-per-cpu=3800M --time=05:00:00
source /cluster/software/BIO9905/set.source

2. Download the data
pwd # check the home directory
cp -r /work/tmp/BIO9905MERG1/sunilm . # Download the files
mv sunilm/ Lulu # rename the folder
cd Lulu # Change the folder (there should be two folders vsearch_pipeline
and dada2_pipeline)

cd vsearch_pipeline/ # enter in the vsearch_pipeline folder
ls # Check the files, should be 5 files (vsearch_centroids.fasta Functions.R
vsearch_OTU_table.txt Lulu_exercise.txt, 
Boreal_forest_soils_18SV4_48_samples.OTU.filtered.table.xlsx)



LULU – Practical exercise
3. Count number of sequence in fasta file:
grep -c ">" vsearch_centroids.fasta # Should be 5777 OTUs

4. Make Blast database:
module load blast+/2.6.0
makeblastdb -in vsearch_centroids.fasta -parse_seqids -dbtype nucl
ls # Check the files (blast files are generated)

5. Internal similarity search of sequences within the dataset using blastn:
blastn -db vsearch_centroids.fasta -outfmt '6 qseqid sseqid pident' -out
match_list.txt -qcov_hsp_perc 80 -perc_identity 84 -query
vsearch_centroids.fasta
# Parameters: -qcov_hsp_perc – coverage of sequences; -perc_identity –
percent identity of the sequences (Process may take 5-6 minutes)

ls # Check the files #match_list.txt is generated



LULU – Practical exercise
6. Run Lulu via R:
R # load the R in Abel
# Open the file “Function.R” with WinSCP in text-editor/Notepad/R/rstudio
and copy the script into the R environment of Abel (Line 1-6 first)
# The main Lulu algorithm start from Line 72 - 200 and this all need to be 
copied together and execute with R

curated_result$curated_count # Count OTUs left after curation #2350
curated_result$discarded_count # Count discarded OTUs #3427

# After completing the script run check the output file named 
“lulu_curated_otu_table.txt” download and open in excel. Compare reads and 
OTUs with with input OTUs file.
# Check the log file for details about OTUs similarity with each other

quit() # Close the R environment



LULU – Practical exercise
# Repeat the analysis from Dada2 output
Navigate to the folder “Dada_pipeline”.
ls #should be 4 files (vsearch_centroids.fasta, Functions.R, 
dada2_OTU_table.txt, OTU table.xls )
1. Count number of sequence in fasta file:
grep -c ">" dada2_centroids.fasta # Should be 5777 OTUs

2. Make Blast database:
module load blast+/2.6.0
makeblastdb -in dada2_centroids.fasta -parse_seqids -dbtype nucl
ls # Check the files (blast files are generated)

3. Internal similarity search of sequences within the dataset using blastn:
blastn -db dada2_centroids.fasta -outfmt '6 qseqid sseqid pident' -out
match_list.txt -qcov_hsp_perc 80 -perc_identity 84 -query
dada2_centroids.fasta
ls # Check the files #match_list.txt is generated



LULU – Practical exercise
6. Run Lulu via R:
R # load the R in Abel
# Open the file “Function.R” with WinSCP in text-editor/Notepad/R/rstudio
and copy the script into the R environment of Abel (Line 1-6 first)
# The main Lulu algorithm start from Line 72 - 200 and this all need to be 
copied together and execute with R

curated_result$curated_count # Count OTUs left after curation #2350
curated_result$discarded_count # Count discarded OTUs #3427

# After completing the script run check the output file named 
“lulu_curated_otu_table.txt” download and open in excel. Compare reads and 
OTUs with with input OTUs file.
# Check the log file for details about OTUs similarity with each other

quit() # Close the R environment



LULU – Practical exercise

# Compare the results from both pipeline.

# How many OTUs were produced from both the pipeline after 

bioinformatic analysis?

# How many OTUs left after Lulu curation from both the pipeline?

#If there is error (header related issue) while analyzing dada2_pipeline 

data, change the header in both OTU and centroid file as follows:

#Fasta file correction:
sed -i 's/;size=.*//' dada2_centroid.fasta

#OTU table correction:
sed -i 's/;size=.*\"/\"/' dada2_otu_table.txt


