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Motivation

e Compositional nature of data recognized from start

 but unknown how to deal with compositional problems

e Ecology/Microbiology

e proportion/relative abundance /]_...L
b Al \
* rarefaction (,’o;;f;'i :;A-nw

e SAGE/Transcriptome

e count normalizations
e RPKM (Mortazavi: 2008)
e TPM
 scaling normalizations
e TMM (edgeR Robinson: 2010)
e RLE (DESeq, DESeg2 Anders: 2010)

e ratio data
e gPCR (Vandesompele 2002)

e compositional approaches



Objectives

e Demonstrate the use of multiple compositional approaches
to examine microbiome datasets

e Show how to interpret the results
e Exploratory PCA plots
e effect sizes (features associated with the cohorts)

e balances (best model to explain the cohorts)



Basic interpretation

e cannot ask "what has
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Basic interpretation - CLR

e cannot ask "what has
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PC2: 0.116

Crohn's dataset c...cmm

e Treatment naive CD (n=662) and controls (n=313). Analyzed at genus level Rivera-pinto msystems 2018)
e Crohn's samples more variable and centre shifted
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Crohn's dataset c...cmm

e Treatment naive CD (n=662) and controls (n=313). Analyzed at genus level Rivera-pinto msystems 2018)
e Crohn's samples more variable and centre shifted

e Compositional PCA explains about 2X variance than does UniFrac in this dataset

e which taxa or group associate with each cohort?
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ALDEX2: what is different?

Uses CLR transform
- what has changed relative to
everything else
- change is robust to sampling
noise
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Effect plot

Gloor JCGS 2016
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ALDEx2: what is different

Uses CLR transform
- what has changed relative to
everything else
- change is robust to sampling
noise

Only one genus with relatively large
effect

- Roseburia is a relatively abundant
butyrate producer

- Generally associated with a
healthy gut microbiota
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Basic interpretation: balances

e cannot ask "what has

n o absolute value absolute value relative value
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balance: pair(s) of features that are most explanatory e aunm
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taxa is different in the two groups
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balance: pair of features that are most explanatory

Balance result congruent with
univariate CLR analysis

Roseburia and Streptococcus have
the largest relative effects in the
normal and CD cohorts
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selbal: "basket of ratios" features that are most explanatory
Rivera-Pinto mSystems 2018

DENOMINATOR NUMERATOR ROC curve
g__Streptococcus %_Roseburia 1.00 -
g__ Dialister o_ Clostridiales_g_ '
g__Adlercreutzia g_ Bacteroides o 075"
g_ Dorea f__ Peptostreptococcaceae_g_ O 0.50 -
g_ Oscillospira = .05 ] AUC-ROC
o__Lactobacillales_g_ 0.00 - 0.838

g__ Aggregatibacter

g_ Eggerthella 0.000.25).50.751.00

FPR

10 10 -

Balance
(@) ]

CD nlo
Factor

14



Accuracy (AUC)
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Intermediate summary

* analysis must be re-cast as "what has changed
relative to a standard”

* multiple ways of choosing standard
* one vs. many - clr, *Ir, gPCR
* One Vs. one, many vs. many - balances, ilr
* full suite of tools available
* multivariate, univariate, bivariate approaches

* results are internally consistent within and
between approaches
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Meta-transcriptome of an ecosystem

* characterize mRNA of all species at once
* Information about what is being made now

 Unbalanced

— Different conditions can have different taxonomic compositions

— Both absolute and relative abundance of the taxa and their transcripts can
change
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Bacterial vaginosis

* Most common vaginal dysbiosis

— H is predominantly Lactobacillus sp.

— BV is mixed bag of anaerobes with L. iners

 Marked asymmetry in composition
— Group genes to functional level (SEED, KEGG)

— Sparse

* If everything is different, then nothing is
Important

— We must assume something is invariant
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16S rDNA (V6) fraction

Nugent Status

® GC-MS profile = r?‘actenlal vaginosis (BV)
® NMR profile orma
" Intermediate
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Sneathia
Dialister
Bifidobacterium
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16S vs. mMRNA contribution
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Reference sequence

refseq
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PC2: 0.088
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PC2: 0.088
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PC2: 0.154

100

-100

-200

Reference sequence - BV

refseq

-0.04 -0.02

0.00

0.02

0128

li
Ic

lje
gv
pv
me
sn
di
as

|
Ede0000@E0aE

o
—
N
oA ;>
o & . " .
S
f.
F
-~ *‘L-’
]
A S SRV I BT I
| §..'. .: :
- - >" . 2, ..s. * '
—o-'—-—-&.'-'-—‘

-

% .“- C ’ :. ".
- ’
" X
.
, d P
.
— +)
.

w7 ‘;':.\' 14 s T '
_: \ ':""v“, r e “ ., !
T o
" N - ' ,'-":. '.':,‘ _-
o, e 2 R
o 0 e 3 0 . ' Bv
gt s Rt 016B 2

~

. " .
.
—r - . . w W wm e wm e wm e e W -

o

-100

100

PC1: 0.385

24

-0.02 0.00 0.02

~0.04



BV2

Median Log, btw-Condition diff

BV1
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What is different between BV1 and BV2?

3-keto-L-gulonate 6-phosphate decarboxylase

Carbon storage regulator

Catabolite repression HPr-like protein Crh

Chemotaxis protein CheC -- inhibitor of MCP methylation
Chemotaxis protein CheD

Chemotaxis protein CheV (EC 2.7.3.-)

Chemotaxis protein methyltransferase CheR (EC 2.1.1.80)
Chemotaxis response regulator ...-glutamate methylesterase CheB (EC 3.1.1.61)
Flagellar basal-body rod protein FigB

Flagellar basal-body rod protein FlgC

Flagellar basal-body rod protein FIgF

Flagellar basal-body rod protein FlgG

Flagellar biosynthesis protein FliS

Flagellar hook protein FIgE

Flagellar hook-associated protein FlgK

Flagellar motor rotation protein MotA

Flagellar motor rotation protein MotB

Flagellar motor switch protein FliG

Flagellar motor switch protein FliM

Flagellar motor switch protein FliN

Flagellar protein FliJ

Flagellin protein FlaB

Glucosamine-1-phosphate N-acetyltransferase (EC 2.3.1.157)
GTP-sensing transcriptional pleiotropic repressor codY

Iron-sulfur cluster assembly scaffold protein IscU

Negative regulator of flagellin synthesis

Ornithine carbamoyltransferase (EC 2.1.3.3)

Positive regulator of CheA protein activity (CheW)

Protein export cytoplasm protein SecA ATPase RNA helicase (TC 3.A.5.1.1)
Pyridoxine biosynthesis glutamine amidotransferase, synthase (EC 2.4.2.-)
Pyrophosphate-energized proton pump (EC 3.6.1.1)

Serine phosphatase RsbU, regulator of sigma subunit

Serine-protein kinase rsbW (EC 2.7.11.1)

Signal transduction histidine kinase CheA (EC 2.7.3.-)

spore peptidoglycan hydrolase (N-acetylglucosaminidase) (EC 3.2.1.-)
Substrate-specific component ThiT of thiamin ECF transporter

Thiol peroxidase, Tpx-type (EC 1.11.1.15)



Distinguishing functions

SEED Subsystem 1

Virulence, Disease and Defense
Sulfur Metabolism

Stress Response

Secondary Metabolism

Respiration

Regulation and Cell signaling

RNA Metabolism

Protein Metabolism

Potassium metabolism

Phosphorus Metabolism

Phages, Prophages, Transposable elements, Plasmids
Nucleosides and Nucleotides
Nitrogen Metabolism

Motility and Chemotaxis (Flagellar)
Miscellaneous

Metabolism of Aromatic Compounds
Membrane Transport

Iron acquisition and metabolism
Fatty Acids, Lipids, and Isoprenoids
Dormancy and Sporulation

DNA Metabolism

Cofactors, Vitamins, Prosthetic Groups, Pigments
Cell Wall and Capsule

Cell Division and Cell Cycle
Carbohydrates

Amino Acids and Derivatives
@ Arginine; urea cycle, polyamines

BV1

BV2
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Analysis

Beta Diversity

Clustering

Differential abundance

Correlation

Interpretation

Summary

Standard (count) CoDa/probability

Driven by most Variance of ratios
abundant taxon or gene between taxa or genes

Driven by most Variance of ratios
abundant taxon or gene between taxa or genes

Usually rarest taxon or  Variance of ratios

gene is most variable between taxa or genes -
within and between most variable between
groups groups

Just wrong - many false Pairs of taxa or genes
positives that have common

Seems simple but is not Seems hard but is not
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Summary

relative value
(sequenced)

vy ©
v O
vy O

e HTS is compositional v
b

e Seqguencing data should tell us about the environment, not
just the post-sequencing data

e Only compositionally-appropriate methods tell us about the
environment
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