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Why ? – Which forest has more squirrels ? 
Which microbiome has more Pseudomonas ?
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-    Unequal sequencing dept
- PCR/sequencing biases
- Unequal detection



To normalize or not to normalize ?

- Only presence absence patterns (be careful)
- Only observed number of species (be careful)
- Only phylogeny (ex. weighted unifrac) 

- When comparing any relative abundance of taxa 
(amplicons) or any genes the normalization is 
obligatory

DOI:10.1101/546218



Normalization - amplicons

DOI:10.1101/546218

Method Approach Description

Rarefaction Subsampling
Randomly 
subsamples reads 
to equal depth

CSS (Cumulative 
Sum Scaling)

Proportional
Divides each count 
by total reads per 
sample

Proportions 
(Percentage-based)

Proportional
Converts counts to 
fractions of total 
reads

Log Transformation Transformation
Applies log(x + 1) to 
reduce skewness

Centered Log-Ratio 
(CLR)

Transformation
Log-ratio 
transformation for 
compositional data

And other more specific for certain functions:
Deseq2, ANCOM II, edgeR …



Comparison in normalization methods ?

Source: https://doi.org/10.1186/s40168-017-0237-y



Data normalization - metagenomes

Source: https://doi.org/10.3389/fgene.2024.1369628

Normalization 
Method

Description Best Use Case Limitations

Reads Per Kilobase 
per Million (RPKM)

Normalizes read 
counts by gene 
length and total 
mapped reads per 
million.

Gene and 
transcript-level 
analysis.

Does not fully 
correct for 
compositional bias.

Transcripts Per 
Million (TPM)

Normalizes like 
RPKM but ensures 
total expression 
sums to 1 million, 
allowing better 
cross-sample 
comparison.

Functional profiling 
and gene 
abundance 
analysis.

Still compositional, 
does not adjust for 
sequencing depth 
differences across 
samples.

**Relative 
Abundance (RPM 
or %) **

Expresses counts as 
reads per million 
(RPM) or percent 
relative abundance.

Simple 
comparisons of 
microbial 
composition.

Sensitive to 
sequencing depth 
and compositional 
bias.

Normalization 
Method

Description Best Use Case Limitations

Median-of-Ratios 
Normalization (RLE, 
DESeq2)

Adjusts for library size 
and compositional 
biases using a 
median-based 
approach.

Differential 
abundance analysis.

Requires statistical 
modeling and proper 
filtering of low-
abundance taxa.

Cumulative Sum 
Scaling (CSS, 
metagenomeSeq)

Adjusts for library size 
while down-
weighting highly 
abundant features.

Differential 
abundance testing, 
reducing dominance 
of highly abundant 
species.

Can be sensitive to 
extreme low-
abundance features.

Genome Relative 
Abundance (GRA)

Estimates microbial 
species abundance 
using genome 
coverage and 
sequencing depth.

Whole-genome 
taxonomic profiling.

Requires accurate 
genome binning and 
assembly.

https://doi.org/10.3389/fgene.2024.1369628


Data normalization R tools and pipelines

Source: https://doi.org/10.3389/fgene.2024.1369628

Software Normalization Methods

DESeq2 (R) Relative Log Expression (RLE)

edgeR (R)
Trimmed Mean of M-values 
(TMM)

MetagenomeSeq (R) Cumulative Sum Scaling (CSS)

Phyloseq (R)
Variance stabilizing 
transformation (VST)

ANCOM-BC (R) Log-ratio transformations

Pipelines

SqueezeMeta

Atlas

nf-core 

bioBakery4

JAMS

WGSA2

https://doi.org/10.1038/s41597-023-02877-7

Mock community taxonomic classification performance of 
publicly available shotgun metagenomics pipelines

H
ig

h
ly re

co
m

m
en

d
ed

https://doi.org/10.3389/fgene.2024.1369628


vegan::rarecurve(asv_table, step = 50 , cex=0.5) phyloseq::rarefy_even_depth(amplicon_data, rngseed=456, \ 
sample.size=min(sample_sums(amplicon_data)), replace=F)

Plot the rarefaction curves and
check your data

Rarefy within the phyloseq object

The case of rarefaction



Hard decision:
- Should I discard samples ?
- What are the consequences of my actions ?
- W y I   ve j    3 re l    e  … 



Differential abundance



T ke    e  T ere    n   erfe      l …       e   re        e  e  er

False discovery

No significant 
difference



Deseq2
- use non-normalized data !

- design to work with RNAseq data

- uses negative binominal distribution model

- zeros are often a problem, but they always are – sparse matrix

ASV1 ASV2 ASV3 ASV4 ASV5 ASV6 ASV7 ASV8

sample1 0 0 0 0 0 0 0 0

sample2 0 0 0 0 0 0 0 0

sample3 0 0 0 0 0 0 0 0

sample4 0 0 0 0 0 0 0 0

sample5 0 0 0 0 0 0 0 0



ANCOM-II
Analysis of Compositions of Microbiomes with Bias Correction

wikipedia

• Original paper entitled: "Analysis of Microbiome Data in the Presence of 
Excess Zeros"

• ANCOM-BC estimates the unknown sampling fractions, corrects the bias 
induced by their differences through a log linear regression model 
including the estimated sampling fraction as an offset terms



Practically speaking…

- look at number of reads

- look at taxonomic level

- look at replication

- l  k w          …  W     f       Rickettsiales ?

E rek  ! I ’  
significant !



Multivariate statistics
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