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Compositional data

Represented by relative abundance and carry no meaning for

eesiton absolute abundance of specific feature.
Definitions
o
MethOd = 7 i mm Other
. B Bacteria; Other
Balances = Actinobacteria; Actinobacteria
e Balance Trees o0 = Verrucomicrobia; [Pedosphaerae]
=l B Verrucomicrobia; Opitutae
* |LR 9 =1 Acidobacteria; Acidobacteriia
b= [ Bacteroidetes; Flavobacteriia
Results ﬁ & @ Armatimonadetes; Armatimonadia
5 & m Proteobacteria, Deltaproteobacteria
 (Casestudy 1 = m Armatimonadetes; [Fimbriimonadia]
=, B Planctomycetes; Planctomycetia
* Case study 2 ® m Verrucomicrobia; [Spartobacteria]
; i m Bacteroidetes; Cytophagia
Implementation © @ Cyanobacteria; Chloroplast
o = Verrucomicrobia; Verrucomicrobiae
Summary [ Firmicutes; Clostridia
g i B Bacteroidetes; Sphingobacteriia
@ Proteobacteria; Gammaproteobacteria
O Proteobacteria; Alphaprotecbacteria
@ Bacteroidetes; [Saprospirae]
= mm Proteobacteria; Betaproteobacteria
g -

+CS1
+CS82
+CS3
+CS4
+CS5
+CS6
+CS87
+CS8
+CS9

Sample
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The problem with compositional data

Time point 1

Time point 2
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* Casestudy1
e Case study 2

m Specie A m Specie B " Specie A ® Specie B

Implementation

Summary But what happened ?
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The problem with compositional data

All abundancies in a sample are dependent !

* It’s impossible to certainly know if a growth or decline of a specie
actually occurred.

* Analyses that assumes independence of variables, as many
statistical approaches do, are prone to misinterpretation.

* Problematic to detect differently abundant microbes across
environments.
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Definitions

* Niche - the match of a specie to specific environmental condition,
such as habitat, resources, competitors and more.

* Niche differentiation - the process by which competing species use
the environment differently in a way that helps them to coexist.

* pH —scale from 0 to 14, used to specify how acidic or basic a water-
based solution is.
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Balances

Abundance  Red > Blue

Red ~ Blue

* Avoid attempts to infer absolute changes in abundance.

Red < Blue

"

* Instead, Infer change in balances of abundances between two
particular subsets of the community.

Environmental Variable
(i.e. pH)



Balance Trees

* Extend the concept of balances to multiple dimensions and taxa

using a tree
AN '
Calculate Balance on
/ each internal node
Proportions 4/11 1/11 2/11 3/11 1/11
Percentages 36% 9% 18% 27% 9%
Counts a 1 2 3 1
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Balance Trees

The tree could be built using any criterion, depending on the question
in hand.

* A phylogenetic tree could be used to investigate evolutionary
relationships.

* A hierarchal clustering of environmental variables could be used
to explore environmental niches of microbes.

* You name it !
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Balance functionl

 We'll use isometric log ratio (ILR) as the balance function.

Proportions 4/11 1/11 2/11 3/11 1/11
Percentages | 36% 9% 18% 27% 9%
Counts |4 |1 |2 |3 (1

* Add pseudocount of 1 to all counts to mitigate the problem of

zero-counts.
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Balance functionl

» We’ll use isometric log ratio (ILR) as the balance function.

- \.'I |ff_||f;e| hg[g(f:;_}]

lig| + iz °L gig)

* Back to our 2D toy example:

Red > Blue

Abundance

Red =~ Blue Red < Blue

Environmental Variable
(i.e. pH)

"
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ILR Example

Proportions 4/11 1/11 2/11 3/11 1/11
Percentages 36% 9% 18% 27% 9%
Counts a 1 2 3 1
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ILR Example

Proportions 4/13 1/13 2/13 3/13 3/13
Percentages 30% 7% 14% 21% 21%
Counts 4 1 2 3 3
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Some benefits to note

Motivation e Scale invariant.
Definitions
Method o

Subcompositionally coherent, which means that changes in

A B I - . . °
o anee nonoverlapping subcommunities do not impact each other.

e Balance Trees
e |LR

Results * Permutation invariant.
* Casestudy1
e Case study 2

Implementation

Summary



Outline

Results
Mofi‘fa'“"” * The authors did not benchmark their method against other
et “compositional aware tools”.
Method
e Balances

e Balance Trees

o * As for results, the authors demonstrate novel insight realized using

balance trees on two existing papers.
Results

 (Casestudy 1
e (Case study 2

Implementation

Summary
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Introduction — Case study 1

» 88 soil samples collected along with many measurements.

Motivation

Definitions * The study reported the existence or inexistence of a few bacterial phyla
Method to pH levels.

 Balances * Acidobacteria negatively correlated with pH

* Balance Trees  Actinobactera, Bacteroidetes correlated with pH

- IR * Alpha-, Beta- and Gammaproteobacteria not correlated with pH

Results

* Casestudy 1

» Case study 2 e But, each phylum was correlated with pH independently. That’s the
Implementation misinterpretation we feared.

Summary

Paper: Pyrosequencing-based assessment of soil pH as a predictor of soil
bacterial community structure at the continental scale
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Balance Tree to the rescue !

* Order OTUs by mean pH in samples.

e Construct a tree by hierarchal clustering.

(3.8

6.7) (6.8=— mean pH—8.2)
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The tree’s root balance

6 ‘.,'
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v 7
soil sample pH

We observe a
hice linear
trend !

18



Abundance “heatmap”

OTUs are sorted
by mean pH

48

42
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Conclusions

 OTUs tend to be observed in very specific pH ranges.

* This ties to concept from niche theory: OTUs are suited to live in a
specific environment, and when placed outside of it are
outcompeted.

* These patterns are missed if looked only at phyla level. The phyla
mentioned in the original paper were distributed all over the pH.



Conclusions

6.5

4.5

3.5

Phyla

e p__Acidobacteria
N=55

e p__Actinobacteria
N=11

® p__Bacteroidetes
N=6

® p_ Cyanobacteria
N=1

e p_ Firmicutes
N=3

® p_ Gemmatimonadetes
N=2

® p__ Nitrospirae
N=1

® p__ Proteobacteria
N=37
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Predictive model

* Next, we’ll build a predictive model that will predict a microbial community

based on pH levels.

Fit a quartic to each balance (node) with
Least Squares.

Map predicted balances back to proportions
with inverse ILR

The overall trend is predicted

R%2=0.35

OTUs

Predicted

il

0.020

0016 |—

0.012

log( proportion

0.008

M 0004 =

22

0000 =
-0.004 —

-0.008
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Introduction — Case study 2

* Lung sputum samples collected from 16 cystic fibrosis (CF) patients.
Samples were placed into separate tubes and pH was adjusted from
5 to 8.5 at intervals of 0.5

* |t was observed that patients had different microbiomes

* It was hypothesized that there were two subcommunities, one
thrives at high pH and one at low pH.

Paper: A Winogradsky-based culture system shows an association between
microbial fermentation and cystic fibrosis exacerbation.
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Introduction — Case study 2

Motivation e But, it could not be proven !

Definitions
Method

Balances * Since patients had different OTUs, it was difficult to test the effect of pH

:?I,;Iance Trees on any OTU.

Results
Case study 1
e Case study 2

Implementation

Summary



Balance Tree to the rescue !

* Construct a balance tree in the exact same
manner.

66 69 72 75 78 81

Mean pH

25
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Abundance heatmap

Remember the heatmap graph from

previous case ?

This time, no cleat

Observed

OTUs
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The tree’s root balance

* We can still observe niche differentiation across pH gradient.

50 55 60 65 70 75 80 85
ph

Yo+ — 7.6 <meanpH < 8.12,
Yo— — 54 <meanpH < 7.4,
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Balance of subcommunity (depth=1)

Motivation * We can still observe niche differentiation across pH gradient.

Definitions

Method
Balances

Balance Trees
ILR

Results Y = log(7=)
Case study 1 .
e Case study 2

Implementation
-10

Summary

-15
50 55 60 65 70 75 80 85

ph

Y1+ — 6.5 <meanpH < 7.4
Vi— =2 5.4 <mean pH < 6.4
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Conclusion

* We conclude that although CF patients had different lung
sputum microbiome, they contain OTUs that behave the
same with respect to pH.

* Grouping OTUs using a meaningful metric is beneficial.
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Implementation

* Open Source, https://github.com/biocore/gneiss

* Implemented as Python package. Setup as easy as ‘pip
install’ . -

e Awesome documentation and tutorials |

30


https://github.com/biocore/gneiss

Outline

summary

Motivation * Compositional data has its limitations.
Definitions
Method

EZIZEEE‘}%S * Balances are a robust concept to sidestep those

ILR limitations, and infer meaningful properties of
Results subcommunities.

Case study 1

Case study 2
'mplementation » Standard statistical techniques could be applied to

* Summary balances.



Discussion

Discussion will be presented together with next lecture

32



Thanks |




