Quantifying the impact of tree choice in metagenomics
differential abundance studies with R
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Microbiota Data: taxonomy and abundance
Phylum Class Order Family Genus S001 S002 S003 S004 S005
Ecological ¢ ity of mi i h ides i
‘ co.oglca ) ot microorg; (hatlesidesiintan Actinobacteria Coriobacteriia Coriobacteriales Atopobiaceae Atopobium 84 0 12 54 0 ..
environmental niche ) . . .
« 10 bacteria in the gut among 1500 species Actinobacteria Coriobacteriia Eggerthellales  Eggerthellaceae  Eggerthella 2 0 0 7 0 ..
« Associations with: Bacteroidetes Bacteroidia  Bacteroidales  Prevotellaceae  Prevotella 525 7 134 753 0 ..
o metabolism (diet, obesity, drug absorption, ...) Firmicutes Bacilli Lactobacillales  Lactobacillaceae Lactobacillus 88 1770 1490 119 2136 ...
o diseases (IBD, allergies, diabete...) Firmicutes Bacilli Lactobacillales  Streptococcaceae Streptococcus 0 0 138 4 0 ..
gbcbaviotrokebtbioticlGectionty) Firmicutes Negativicutes Veillonellales  Veillonellaceae  Dialister 152 4 2 192 0 ..
o environment (pet, water...) L . i X
Firmicutes Negativicutes Veillonellales  Veillonellaceae  Megasphaera 402 0 4 102 0 ..
Fusobacteria ~ Fusobacteriia Fusobacteriales Leptotrichiaceae Sneathia 302 0 35 272 0 ..
Obiectives Workflow
k__Bacteria|p__ Bacteroidetes|c_ Bacteroidia|o_ Bacteroidales|f__Prevotellaceae|g_ Prevotella
Raw data

« Find which bacteria are differentially abundant between
two or more groups

« Use a FDR multiple testing correction to prevent false
positives (one test per bacteria)

« Incorporate hierarchical information to increase power

* Which tree?

Hierarchical False Discovery Rate

The z-scores z = ®~!(p) are smoothed using the following

hierarchical model:

z|u ~ N, (Hv D‘ZIm) o~ N (717 TZCP)
where C, = (exp(—2pD; ;)) with D the patristic distance
matrix between taxa from the tree. By applying Bayes's

formula:

z ~ N ('yl,TZC,, + azlm)
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Finally, a permutation-based FDR control is applied on p*

Take-home message
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Corrected p-values {ape}
{furrr}
( ebc_FDR() {future}
ebc_tidy() {ggtree}
ggplot2 {structFDR}
{telegram.bot}
Results {curatedMetagenomicData}

Results

The tree choice has little impact on detection power
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« Benjamini-Hochberg procedure is still the most powerful method and the only one which respects the
FDR control 0.951
. . s . 0.90 4
« The ease of creating R packages greatly increases the reproducibility of analysis
0.854
« tidyverse and especially list-columns allow to write elegant and efficient R code when manipulating o
non-standard structures (trees, statistical model outputs...) &
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