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 Problem: Contamination
Sample 

Sequences Extraction Library Prep Sequencing 
Reads

Contaminants — DNA sequences from organisms not 
truly present in the sample.



 Problem: Contamination

Figure: Salter, et al. BMC Biology, 2014.
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Figure: Salter, et al. BMC Biology, 2014.
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Spurious signal driven by contaminants!

Figure: Salter, et al. BMC Biology, 2014.
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Figure: Karstens, et al. mSystems, 2019.
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 https://merenlab.org/2017/08/23/CPR-in-blood/ 

https://merenlab.org/2017/08/23/CPR-in-blood/


 Problem: Contamination

Now what?



  Modeling Contaminants

T = S + C, where C is constant

fC = C/(S+C) ~ 1/T, where C << S
hence

Davis, et al. Microbiome, 2018.
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Davis, et al. Microbiome, 2018.
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  Decontam Method

Frequency 
Input: DNA concentrations,  
          Feature table w/ abundances. 
Output: Score 0 (contaminant) - 1 (non-contaminant), 
          Binary classification based on threshold.

Prevalence 
Input: Categorization of samples as negative controls,  
          Feature table w/ abundances or presences. 
Output: Score 0 (contaminant) - 1 (non-contaminant) 
          Binary classification based on threshold.

Needs range of DNA concentrations

Needs multiple (5+) sequenced negative controls



  Validating the Model

Davis, et al. Microbiome, 2018.
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Oral Mucosal Dataset
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Davis, et al. Microbiome, 2018.

  Avoiding Spurious Results



 Available now… 

@bejcal -- https://github.com/benjjneb/decontam   

• Open-source 
• Well documented 
• R package 
• 16S or shotgun

https://github.com/benjjneb/decontam
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  Decontam Method

contam <- isContaminant(seqtab, neg, threshold) 

ASV or OTU table 
(or phyloseq object)

Vector: True if neg control, False otherwise 
(or phyloseq variable name)

Number: 0 to 1 
(default 0.5)

Prevalence 
Input: Categorization of samples as negative controls,  
          Feature table w/ abundances or presences. 
Output: Score 0 (contaminant) - 1 (non-contaminant) 
          Binary classification based on threshold.



  Decontam Method

Output

> class(contam)

## [1] "data.frame"

> head(contam)

##             freq prev       p.freq p.prev            p contaminant
## Seq1 0.323002694  549 1.000000e+00     NA 1.000000e+00       FALSE
## Seq2 0.098667396  538 1.000000e+00     NA 1.000000e+00       FALSE
## Seq3 0.003551358  160 1.135975e-18     NA 1.135975e-18        TRUE
## Seq4 0.067588419  519 9.999998e-01     NA 9.999998e-01       FALSE
## Seq5 0.045174743  354 1.000000e+00     NA 1.000000e+00       FALSE
## Seq6 0.040417101  538 1.000000e+00     NA 1.000000e+00       FALSE

Classification: T/F 
(score < threshold)

Score: 0 to 1 
(0: contaminant-like,  

1: non-contaminant-like)
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 When to care?

Figure: Karstens, et al. mSystems, 2018.



 When to care?

Aerobiome, placenta, internal tissues,  
  rare stuff matters, dry surfaces, parchment… 

Figure: Karstens, et al. mSystems, 2018.
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• There is no substitute for clean lab practices 
• Sequence multiple full-process negative controls! 
• Consider dilution series of a positive control 
• Record DNA concentrations 
• In silico decontamination (at high resolution) 
• Be skeptical of unexpected or implausible taxa 
• Report taxa in negative controls
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 Recommendations… 

Sequencing-based evidence of a microbiome
 in locations previously thought “sterile” is not
 conclusive on its own!

What additional evidence could make it convincing?



  Growing options



  Growing options

What assumptions are these methods making?
What additional data do these methods require?
When is is appropriate to use these methods?
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 Available now… 

@bejcal -- https://github.com/benjjneb/decontam   

• Open-source 
• Well documented 
• R package 
• 16S or shotgun

*and recently, also via QIIME2!

https://github.com/benjjneb/decontam


 Package resources 

Manuscript
https://doi.org/10.1186/s40168-018-0605-2 

Vignette 
https://benjjneb.github.io/decontam/vignettes/decontam_intro.html  

Accompanying analyses in R
https://github.com/benjjneb/decontammanuscript  

Github (and use Issues for support) 
https://github.com/benjjneb/decontam  

https://doi.org/10.1186/s40168-018-0605-2
https://benjjneb.github.io/decontam/vignettes/decontam_intro.html
https://github.com/benjjneb/decontammanuscript
https://github.com/benjjneb/decontam
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