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Hypes in Microbiome research

hree Lessons from Internalist vs. Externalist Debates



External Control



Can Microbes Control Criminal Behavior?
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's contain trillions of bacteria, all of which control our minds in order

the foods they want. Controlling them back may help fight obesity.
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Are we at the mercy of our gut bacteria? The above image illustrates how microbes can "pull our strings," driving

us to crave foods that give them the nutrients they need, including fat and sugar.



It is therefore tempting to
speculate that symbiotic bacteria direct innate immune responses of the gut in an effort to

protect their environment.

Perhaps the mammalian immune system which appears designed to control microbes 15, 1n

fact, controlled by the microbes themselves.
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Although significant work 1s still required to determine the beneficial immune responses

induced by the microbiota, 1t 18 exciting to consider the teleological notion that indigenous

bacteria actively prevent enteric disease by infectious microorganisms to fortify their niche.
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Bacteria also must be seen as an essential part of the vertebrate
immune system. The paradigm that the adaptive immune system
has evolved to control microbes has been modified to include the

concept that the immune system is in fact controlled by microor-
ganisms (McFall-Ngai, 2007; Eberl, 2010).



Unit of Biological Organization:
Holobiont/Superorganism/Metaorganism
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Congrats: You Are Officially a Superorganism
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One of the most interesting fields of study today is the gut-brain axis, a burgeoning
topic with vast implications that we are now, for the first time, starting to appreciate.
The qut, or gastrointestinal tract — the long tube that starts at vour mouth and ends
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Colonies Are Individuals:
Revisiting the Superorganism Revival
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microbial ecological
communities

META FNcnon o
ORGAN ISMS

JLLABORATIN CENTRE

ASSOCIATED
VIRUSES

ASSOCIATED
EUKARYOTES

broadest term:
loose interdependent
relations

Metaorganism

Maureen A. O'Malley

Definition

A metaorganism is the community of interacting biological entities that is
indicated by a metagenome. A variety of highthroughput and other techniques
are used to understand the role metaorganismal interactions play in host
physiology and local and global biogeochemistry.



Two Major Questions



who’s controlling who?
network of causal relations

systems models

local mechanisms method: metagenomics,
method: experimental model building via
organizational principles
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(Kuraishi et al 2013)

(Ji and Nielsen 2015)

pathways metabolic networks



who, | mean who????

unit of biological organization
(developmental, ecological, evolutionary)

community
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Internalism vs. Externalism



INTERNAL

mentalism

nativism
(Chomsky)

Nature

genetic program

Preformationists
(pre-determined form)

Unity of Type
(structuralists,
development constraints)

EXTERNAL

behavioralism
associationism

Psychology (Watson, Skinner)

Nurture

Development
environment

Epigenesists
Evolution (environmental determination)
Conditions of Existence
(functionalists,
adaptationists)



“What Kind of Interactionism Instead?”

Lessons from the Debates
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unit of biological organization
(developmental, ecological, evolutionary)

community
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 METACOMNLATES




First Lessons

“The Extended Mind” 1
Clark and Chalmers (1998)

*[[Authors are listed in order of degree of belief in the central thesis.]]

parity argument

2. coupling criteria

e.Os coupled with G8&

3. parity thesis:

e.g. given 1 & 2, & _Afere intqrna@vould be
seen as cognitive (or part of (fs mind)




causal coupling - constitution fallacy

causal coupling - constitution fallacy fallacy

The Extended Mind

3. a model of the mental:
A has “the mark,” therefore A is part of the mind




Lesson #1 : “Parity Arguments” are anti-bias Heuristics

veil of ighorance test

parity thesis: it A were internal, A would
be seen as cognitive (or part of X's mind)

Anatomical
Developmental
Physiological

Genetic

Immune

Evolutionary

criteria of individuality

Vorume 87, No. 4 THE QUARTERLY REVIEW OF BIOLOGY Decemser 2012

A SYMBIOTIC VIEW OF LIFE: WE HAVE NEVER BEEN
INDIVIDUALS



Lesson #1 : “Parity Arguments” are anti-bias Heuristics

veil of ighorance test

parity thesis: it A were internal, A would
be seen as cognitive (or part of X's mind)

a model of the complimentary criteria
individual/mind

A has “the mark,”
theretore A Is part of
the mind

A compliments the mind
for the mind to perform or
develop



Topoi (200%) 28:23-30
DOL 101007551 1243-008-9043-2

the enactive approach

Making Sense of Sense-Making: Reflections on Enactive
and Extended Mind Theories

“cognition” does not have a location

interactions with the vvo'rld

a thermodynamically open system with operational
closure that actively generates and sustains its identity
under precarious conditions (Di Paolo and lizuka 2008, Thompson 2007, Varela 1979, 1997)



Lesson #2 : Solutions can Change Frameworks and
Shift Research Questions

“cognition” does not have a location

changes the definition of “cognition”



who’s controlling who?
network of causal relations

systems models

local mechanisms method: metagenomics,
method: experimental model building via
organizational principles
O i s it
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(Kuraishi et al 2013)

(Ji and Nielsen 2015)

pathways metabolic networks



the internal the environment
systems vary selects



developmental
constraints?

the internal the environment
systems vary selects



strong
selection?

the internal the environment
systems vary selects



How strong is selection?
detection methods:

(1) by seeking correlation between environment and trait/trait
distribution/genetic signatures,

(2) by comparing actual evolution against formal "null" models where no
selection 1s assumed to occur,

(3) by comparing actual evolution against formal "null" models where
only selection 1s assumed to occur,

4) by detecting and confirming stable equilibrium

(5) by using controlling environmental conditions to test response to one
or a few selection

(6) by tallying realized fitness, e,g, viability (actual survivorship to sexual

maturity), mating success (actual number of mates), fertility (average

number of n:'rffsl:nring},ﬂ:I etc.

John Endler (1986): review up to 1983
Kingsolver et al. (2001): 1984-1997
Barrett and Hoekstra (2011) : molecular data



guantitative genetics methods

to estimate heritability

Trait variation
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variation variation inheritance variation

TRENDS in Ecology & Evoiufion

(Danchin 2013)

developmental

mechanisms
(Danchin & Pocheville 2014)
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Cenerationn

Lenerationn+ 1

a Germline inheritance

Emdronmental change

Vertical transmission only

Epigenetic

inheritance

b Experience-dependent inheritance

Environmental change

F, wpothalamic DMA methylation
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F, maternal behawiour
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(Danchin et al 2011)
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the developing the environment
systems vary selects



niche
construction

the developing the environment
systems vary selects



Lesson #3 : the relative importance of internal or
external factors does not imply the relative
importance of a particular explanatory role



developmental strong
constraints? selection?

the developing the environment
systems vary selects
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Avatars of information: towards an
Inclusive evolutionary synthesis
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Genetic Epigenetic Wil 8 | Ecological | " Cultural

inhentance inheritance ffects. inheritance inheritance

L o

Potential information becomes realized information
during development

Genetic information constitutes potential information (see
|21]) that 1s only realized when confronted by environmen-

tal information. More generally, development necessarily
entails interactions between the various sources of infor-

mation possessed by individuals, be they inclusively heri-
table [13] or not, genetic or nongenetic [14].
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Not the distribution of pre-existing
information that instructs
development.

But the ongoing totality of interactions
that regularly reproduces the

AovialnNniNnA evieteam

“information” Is not preformed

With ‘Genes’ Like That, Who Needs an  environment + genes

Environment? Postgenomics’s Argument Co—specify produ ots

for the ‘Ontogeny of Information’

2006 Karola Stotz*

information is created
instead of inherited



Lesson #2 : Solutions can Change Frameworks and
Shift Research Questions

“information” is not preformed

changes the definition of “developmental information”



Summary of Lessons

Lesson #1 : "Parity Arguments” are anti-bias heuristics,
More criteria are needed to talk about "units.”

Lesson #2 : Solutions can change frameworks
and shift research gquestions, “information,”
“cognition/life” may change meanings and
operational definitions

Lesson #3 : The relative importance of internal or
external factors does not imply the relative
importance of a particular explanatory role



new roleec

new roles

Three
Interactionist
Responses

change framework &
research questions

re-assign roles to internal/
external

shift importance of internal/
external without changing their
assigned roles
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