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Stages of data analysis

Raw Rawr !

A table

A figure

A paper

Pre-processing



Stages of amplicon data analysis

Raw

A table

Quality check

Primer removal

Quality trimming/ filtering

OUT/ASV inferring  

Taxonomy assignment

Dereplication – check but probably already done, how to check

Normalization



Rstudio



Rmarkdown



Packages for R

Using them :

#1 Load the whole package :

library(“mypackage”)
#Use a function

myfunction()

#2 load selected function from a package:

mypackage::myfunction()
# doeasn’t always work



Source: https://stackoverflow.com/questions/67357402/how-to-i-see-visual-of-my-folder-structure-in-rstudio

Before you start working on anything create a new project 

./raw/

./src/amplicon_functions.R

Why is it important ?

Project1/allmyfiles.R

Make meaningful names 



-    Load data
-    Primers trimming (cutadapt)
- Quality filter and trim 
     ( filterAndTrim )
- Errors model building 
     ( learnErrors )
- Dereplication 
     ( derepFastq )
- Sample interference 
     (dada )
- Merging reads 
     ( mergePairs )
- Table 
     ( makeSequenceTable )
- Remove chimeras/bimeras 
     ( removeBimeraDenovo )
- Taxonomic assignment up to genus level 
     ( assignTaxonomy )
- Taxonomic assignment up to species level 
     (addSpecies )
-    Save results
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ITS case

https://benjjneb.github.io/

Main differences (in processing):
- Variable length
- The primer sequence can occur more than once  



• Filter out low quality bases

• Generate report with info how many reads 
survived and saves filtered files (paths: filtF/R)

• In ok dataset 5-10% is still filtered out

filtered_report <- dada2::filterAndTrim(fwd = trimF, filt = filtF, 
                                        rev = trimR, filt.rev =  filtR, 
                     minLen = 30, # usually 20 dada2 cannot assign taxonomy to <30
                     rm.phix = T, # phiX genome – common contamination
                     maxN=0, # later steps do not allow N
                     truncQ=2, # cut when the quality goes below
                     maxEE=c(2,2), # max number of expected errors
                     compress=T,  # save as .gz (saves A LOT of space)
                     multithread=T, #      ’                         
                     verbose=T) # it talks to us while working
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     ( assignTaxonomy )
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-    Save results
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- Merging reads 
     ( mergePairs )
- Table 
     ( makeSequenceTable )
- Remove chimeras/bimeras 
     ( removeBimeraDenovo )
- Taxonomic assignment up to genus level 
     ( assignTaxonomy )
- Taxonomic assignment up to species level 
     (addSpecies )
-    Save results

Dada2 is not the only one !!!

➢MOTHUR - DGC

➢MOTHUR - Opticlust

➢QIIME – Uclust

➢QIIME – Deblur

➢UNOISE3

➢UPARSE
“DADA2 offered the best sensitivity, at the 
expense of decreased specificity compared to 
USEARCH-UNOISE3 and Qiime2-Deblur.”

doi: 10.1371/journal.pone.0227434 



What is dada2 and what it does ?
The dada2 package infers exact amplicon sequence variants (ASVs) from high-throughput amplicon sequencing 
data, replacing the coarser and less accurate OTU clustering approach. The dada2 pipeline takes as input 
demultiplexed fastq files, and outputs the sequence variants and their sample-wise abundances after removing 
substitution and chimera errors. Taxonomic classification is available via a native implementation of the RDP naive 
Bayesian classifier, and species-level assignment to 16S rRNA gene fragments by exact matching.

Source: Callahan et al. 2016



• B                                    “         
      ”                    2

errF <- dada2::learnErrors(filtF,
                    nbases = 1e8, # how much data is used to build the model 
                    errorEstimationFunction = loessErrfun_mod4,# skip for NOT novaseq
                    randomize = T,
                    MAX_CONSIST = 15,
                    multithread =T,
                    verbose = TRUE)

-    Load data
-    Primers trimming (cutadapt)
- Quality filter and trim 
     ( filterAndTrim )
- Errors model building 
     ( learnErrors )
- Dereplication 
     ( derepFastq )
- Sample interference 
     (dada )
- Merging reads 
     ( mergePairs )
- Table 
     ( makeSequenceTable )
- Remove chimeras/bimeras 
     ( removeBimeraDenovo )
- Taxonomic assignment up to genus level 
     ( assignTaxonomy )
- Taxonomic assignment up to species level 
     (addSpecies )
-    Save results



Do you know how to 
check it ?



W      …  ?

IN OUT



• Dereplication – combines identical sequences, saves 
abundance # optional but recommended

• Interference –    ’                                  

• F and R reads come together, overlap 12 bp (default)

Forward

Reverse

ASV

dada2::dada(derepF, err=errF, multithread=T, pool=F)
# pool=F increased sensitivity (default) 
# pool=T saves time, pool from all the samples
#     =“      ”                 

-    Load data
-    Primers trimming (cutadapt)
- Quality filter and trim 
     ( filterAndTrim )
- Errors model building 
     ( learnErrors )
- Dereplication 
     ( derepFastq )
- Sample interference 
     (dada )
- Merging reads 
     ( mergePairs )
- Table 
     ( makeSequenceTable )
- Remove chimeras/bimeras 
     ( removeBimeraDenovo )
- Taxonomic assignment up to genus level 
     ( assignTaxonomy )
- Taxonomic assignment up to species level 
     (addSpecies )
-    Save results



Raw A table

                        …
It has ASV sequences (!) as 
column names

removeBimeraDenovo(seqtab, method="consensus", multithread=TRUE, verbose=TRUE)

-    Load data
-    Primers trimming (cutadapt)
- Quality filter and trim 
     ( filterAndTrim )
- Errors model building 
     ( learnErrors )
- Dereplication 
     ( derepFastq )
- Sample interference 
     (dada )
- Merging reads 
     ( mergePairs )
- Table 
     ( makeSequenceTable )
- Remove chimeras/bimeras 
     ( removeBimeraDenovo )
- Taxonomic assignment up to genus level 
     ( assignTaxonomy )
- Taxonomic assignment up to species level 
     (addSpecies )
-    Save results



• Dada2 uses naive Bayesian classifier method to 
assign taxonomy

assignTaxonomy(seqtab.nochim, "./SILVA138/silva_nr99_v138.1_train_set.fa.gz", multithread=TRUE)

You need to use pre-formatted database, or format it yourself 

Info about both is here: https://benjjneb.github.io/dada2/training.html

https://doi.org/10.1186/s12864-017-3501-4
SILVA, RDP, Greengenes, NCBI and OTT — how do these taxonomies compare?

-    Load data
-    Primers trimming (cutadapt)
- Quality filter and trim 
     ( filterAndTrim )
- Errors model building 
     ( learnErrors )
- Dereplication 
     ( derepFastq )
- Sample interference 
     (dada )
- Merging reads 
     ( mergePairs )
- Table 
     ( makeSequenceTable )
- Remove chimeras/bimeras 
     ( removeBimeraDenovo )
- Taxonomic assignment up to genus level 
     ( assignTaxonomy )
- Taxonomic assignment up to species level 
     (addSpecies )
-    Save results



Species assignment
- fundamental question: What is a bacteria species? A                 …

- The full 16S gene is ~1500bp , we get ~ 250-350bp n=1982

López-Aladid at al. 2023 



• Checkpoints 

https://doi.org/10.1186/s12864-017-3501-4
SILVA, RDP, Greengenes, NCBI and OTT — how do these taxonomies compare?

##checkpoint1
save.image(file = "rawr_amplicons.RData")
##

• Saving results:
• Tables
• write.csv(taxonomy, file="./results/tax_table.csv", row.names=T)
• RDS Objects – highly recomended 
• saveRDS(taxonomy, file="./results/tax_table.RDS")

-    Load data
-    Primers trimming (cutadapt)
- Quality filter and trim 
     ( filterAndTrim )
- Errors model building 
     ( learnErrors )
- Dereplication 
     ( derepFastq )
- Sample interference 
     (dada )
- Merging reads 
     ( mergePairs )
- Table 
     ( makeSequenceTable )
- Remove chimeras/bimeras 
     ( removeBimeraDenovo )
- Taxonomic assignment up to genus level 
     ( assignTaxonomy )
- Taxonomic assignment up to species level 
     (addSpecies )
-    Save results



Filtering and the most common contaminants

- Chloroplasts and mitochondria
- Unclassified reads
- Eucaryota ? 



suplement



We ended with creating two files !
>seqtab.nochim
>taxonomy

Those are JUST tables 

Creating phyloseq object is a way to keep all the data in one place as one object 
containing:
- ASV/OUT object
- Taxonomy table 
- metadata
- ASV/OUT sequences 
- Potentially other stuff

seqtab.nochim

taxonomy



Phyloseq:
- ASV/OUT object (obligatory)
- Taxonomy table (recomended)
- Metadata (recomended)
- ASV/OUT sequences (optional) 
- Phylogeny (optional)

metadata

joey711.github.io
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