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Competitive
Exclusion
Principle

“Complete
Competitors
Can’t Coexist”

Or we can have
mutualists that
love to coexist!

They live all
Packed together



How do they interact?

Consider just
two species...

... living together
in an environment.



Co-Occurrence?




or Co-Exclusion?




Indifference?




How can we tell which of
these is occurring?

Co-Occurrence
> Co-Exclusion

.

Indifference




Co-Occurrence
©

Marginal Relative Abundance

Marginal Relative Abundance




Co-Exclusion

Marginal Relative Abundance

Marginal Relative Abundance




Indifference

Marginal Relative Abundance

Marginal Relative Abundance



Let’s recap...

These are subtle
differences!




“Hey! Look at these great results! Human Vaginal
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Where do results like this come from?

Claim: Zeros, Logarithms, and PCA!
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Clinical Subject

(well, female...)

Multiplex
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Counts between samples (patients) are meaningless!
We are interested in sample proportions, only!

Lactobacillus | Lactobacillus | Lactobacillus | Lactobacillus |
iners crispatus jensenii gasseri
135

49679 3177 21389

7755 29752 989 368
3286 5955 549 397
Patient 4 2265 3263 13742 148
10239 2926 226 100
Patient 6 16376 20706 1037 79
Patient 7 27313 4878 5320 92
Patient 8 33006 1103 1186 176

Patient 9 20504 1771 346 161



But proportions and counts are kind-of-almost
the same thing, aren’t they?

L
2"
O

Nope.

ONLY VALID IF #;1S NOT SMALL!



n;
L 1

Consider a biome with only two species.

So where does p; ~ come from?

_ (ng+nr)! ng nr
Pr (pHapT‘nﬂa nT) — nglng PH Pr
log [Pr (pm, pr|nm,nr)] = log :(ZZIT;T!”: + ny log (pu) + nr log (pr)
= log % +nglog (py) + (n — ng)log (1 — py)
n n—mn
0/0py =0 = 2 — 7 _
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The point... mathematically, even though
1

pi%Zjnj TLZ:O#]?Z:O

There is a enormous difference between a
biological zero and a mathematical zero!

(Distinguishing “rare” vs. “impossible” is almost the entire
basis of Shannon’s Theory of Information...)

= (o) + (L)

d
¥(z)=—InT() ;= n; + 2

You can think of this as a “pseudo-count” J

(You would be completely wrong, but at least you would feel comforted...)

log(pi)

E

(Never Zero!)



Logarithms

Why use log(p;)?



Lactobacillus iners asymptomatic

Both of these are biologically wrong!

Transparency is
%‘\ “completeness”

“1% abundance of a virulent oo matic
pathogen is negligible!” Y

The “truth” is likely somewhere
in-between, and varies by
specific organism!

pi vs. pj = absolute differences
log(p;) vs. log(pj) = relative differences

Prevotella bivia Gardnerella vaginalis




Principal
Component
Analysis

Why use log(p;)?



Principal Component
Analysis (PCA)




Principal Component
Analysis (PCA)




Principal Component
Analysis (PCA)

“Latent Variable”




Principal Component
Analysis (PCA)

“Latent Variable”
“Underlying Mechanism™




Principal Component
Analysis (PCA)

“Latent Variable”
“Underlying Mechanism™

“Control Knob”




Principal Component
Analysis (PCA)

“Latent Variable”
“Underlying Mechanism™

“Control Knob”
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Analysis (PCA)

“Control Knob”




Component
Analysis (PCA)

“Control Knob”




Principal Component
Analysis (PCA)

“Latent Variable”
“Underlying Mechanism™

“Control Knob”




The PCA variance

decomposition has

strange biological
implications:

@

Principal Component

Analysis (PCA)

“Latent Variable”: z ~ N(0,1,)
“Underlying Mechanism” " N(Wz+ pu, o21,. ), o>0, WeR" d

“Control Knob”

Tipping and Bishop (1999)
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The PCA variance

decomposition has

strange biological
implications:

@

Principal Component

Analysis (PCA)

“Latent Vari able”é z ~ N(0,14)
“Underlying Mechanism” " N(Wz+ pu, o1 m), o>0 WeR™ d

“Control Knob”

Tipping and Bishop (1999)
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The PCA variance

decomposition has

strange biological
implications:

@

Principal Component

Analysis (PCA)

“Latent Vari able”é z ~ N(0,14)
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“Control Knob”
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Principal Component
< Analysis (PCA}
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The PCA variance

decomposition has

strange biological
implications:

N(0, 1)
NWz+ p,0%1,,),

Tipping and Bishop (1999)
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PCA also introduces systematic distortions in the analysis!

o1 | eflerarr)
= | a/(p,+q,+r)
o n/(p+a,+r)
_ log(p,/(p, +a,+,)) T log(p,)-log(p, +q,+r) _
log(qi/(p}_+qi+ri)) = log(ql_)—log(p!_+q}_+rf)
og(1r/(p+a+r)) | | osln)-tosleirai ) |
_ log(pi)—log(pf+q’,+ri) - i log(p{,) _ Diétortions are
log(q,)-log(p,+q,+7) | = | log(q) | = K S5t 10 S0% to 500%

(arbitrary)
log(rj)—log(p}_+q],+ri) log(r:_) of datum distances!




How can we tell which of
these is occurring?

Co-Occurrence
> Co-Exclusion

.

Indifference




... taking into account ...

Zero-counts (not zero-proportions)
Not-really-absolute and not-really-relative
Removal of systematic distortions

Reparameterization invariance



Co-Exclusion
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Co-Exclusion

| |||| _ _ i L. crispatus

I A. vaginae

Remainder Log Base 2 Empirical copula
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Remainder vs Nanremainder

Remainder vs Nanremainder

Log, Ratios

seq 0 Lactobacillus_iners vs seq 2 Lactobacillus_cr ispatus

Log; Ratios

seq_2 Lactobacillus_crispatus vs seq_8 Atopobium_vaginas

Remainder vs Monremainder

Remainder vs Nanremainder
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Mutual Information (TP:FN)

Sample Size
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Mutual Information (TN:FP)

Sample Size
FE:TN OR Upper Lower
0.1 10.1 8.0
0.05 1.1 10.4
0.02 17.1 13.6
0.01 20.1 16.0
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Log, Ratio

Quantifying “Uniformity”

Emperical Copula
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Mutual Information (TP:FN})

Sample Size
FN:TP OR Upper Lower
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0 11.9 10.6
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Mutual Information (TN:FP)
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Logz Ratio



Lactobageillus iners
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