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Abstract

In the postgenomic era, interactions between organism and environment are central in disciplines such as epigenetics, medi-
cal physiology, and immunology. Particularly in the more "applied" medical fields, an emphasis lies on interactions of the
organism with other organisms, that is, other living things. There is, however, a growing amount of research investigating
the impact of abiotic triggers on the immune system. While the distinction between biota and abiota features heavily in other
contexts, its status is not explicit within immunology. Do immunologists distinguish living from nonliving triggers? In this
article, I will carve out whether and in which ways the biotic/abiotic distinction operates in immunology. I will look into
responses to biotic and abiotic stressors in plant and invertebrate model species and ask how and why they are conceptu-
ally separated. I will trace the reasons by investigating the disciplinary situatedness of immune phenomena and the import
of vertebrate immunology when conceptualizing immune responses in other model organisms. I will then investigate how
the convergence of biotic and abiotic stress responses in plants and invertebrates adds to the recent philosophical programs

advocating an ecological perspective on immune systems.
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Introduction

The distinction between biotic and abiotic stress is prob-
ably one of the least questioned dichotomies in physiological
research. At the same time, it is one of the most ubiquitous,
applicable to mammalian, invertebrate, plant, and prokary-
ote stress responses. The biotic—abiotic distinction divides
things that exist into those that live and those that do not
live. In doing so, it rests on an immediate intuition that a
meaningful distinction can be made between, for example,
my cat and my mat. For the study of stress responses, the
biotic—abiotic distinction translates into the demarcation of
the following groups of stressors: Viruses, bacteria, yeasts,
fungi, or helminths are "biotic stressors." Heat shock, osmo-
larity, heavy metals, or radiation are "abiotic stressors."
The separation of biotic and abiotic stressors is sometimes
not entirely straightforward or undisputed. For example,
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nutritional deficiency is classified as an "abiotic" stressor,
even though food sources comprise living and dead matter
(Shiriam et al. 2016). On the other hand, it is possible to
question, or at least discuss whether viruses or, say, trans-
posons are truly biotic, i.e., living (Godfrey-Smith 2009;
Griesemer 2014; Koonin and Starokadomskyy 2016). Also,
herbivory is often considered a biotic stressor, as it is caused
by an organism, even though the result of herbivory is the
physical damage of plant parts (Saleem 2017). The above-
discussed issues concern the very definition of the criteria
to count as "living" (Durand 2020).

It is not the goal of this article, however, to assess the
categories of "biota" and "abiota" in terms of necessary and
sufficient conditions. The question, instead, is whether and
to what extent the differentiation is a guiding principle in
immunology and what are the philosophical implications.
One crucial philosophical consequence lies in the concep-
tualization of the environment. Recent developments in
eco-immunology move away from viewing the immune
system’s primary task in providing “mechanisms of insu-
larity" (Gilbert and Tauber 2016) but emphasize its role in
"how the organism becomes an integrated constituent of a
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large community" (2016). The question is, however, what
is the place of abiota in this community? If immunology is
extended to incorporate responses to abiotic triggers, how
and where to draw the boundary of immune phenomena?
How well do cognitive metaphors and agential thinking,
omnipresent in immunological discourse, sit with responses
to abiotic stimuli? Despite a general consensus that the
immune system interacts with abiotic triggers, these ques-
tions still need to be addressed.

In this article, by investigating the small RNA-based
stress responses of an invertebrate and a plant model organ-
ism (MO), I will first show how a particular version of the
biotic/abiotic distinction is more or less tacitly assumed in
these MOs. I will then question the validity of the distinc-
tion, arguing that responses to biotic and abiotic stressors
mechanistically converge. I will proceed and inquire about
the philosophical consequences of this convergence. First,
I will ask how the disciplinary situatedness of certain sets
of phenomena, such as immune phenomena, influences
the conceptual resources at work. I will argue that the role
abiotic triggers play in vertebrate immunology influences
conceptualizing immune responses in invertebrates. Sec-
ond, I will inquire how this situation bears on more promi-
nent debates in immunology and its philosophy: How does
the inclusion of responses to abiotic triggers influence our
notions of immunity? How do cognitive metaphors square
with interactions of the immune system with abiotic trig-
gers? And, how does a denaturalization of the biotic/abiotic
distinction contribute to eco-immunological perspectives?
In short, I will consecutively argue that the mechanistic con-
vergence between small RNA responses to biota and abiota
(1) obtains; (2) is not acknowledged in current invertebrate
and plant immunology; but (3) matters.

Small RNA Responses to Biotic and Abiotic
Triggers in Invertebrates and Plants

In this section, I will first introduce some basics about
small RNA biology and then move on to discuss small
RNA responses to biotic and abiotic stimuli in a plant and
an invertebrate MO. Quite generally, small RNAs are non-
coding RNAs studied for their regulatory roles in almost all
known species. Studies on small RNA-related effects in the
1980s and 1990s culminated in identifying the phenomenon
of "RNA interference" (Fire et al. 1998), referring to the fact
that small RNAs interfere with, that is, change, gene expres-
sion (Veigl 2021). Small RNAs' primary mode of action is
the complementary binding of target RNAs, although mis-
matches are sometimes tolerated depending on the particular
class of small RNAs (Saxena et al. 2003). To ensure this
targeting, small RNAs often rely on other effector proteins.
Small RNAs are best known for targeting and sometimes

destroying complementary messenger RNAs, inhibiting the
synthesis of a specific protein. Small RNAs are involved
in several regulatory tasks, such as defense against selfish
genetic elements (Malone and Hannon 2009), metabolic reg-
ulation (Cai et al. 2009), and defense against viruses (Hamil-
ton and Baulcombe 1999). Several different small RNA spe-
cies are defined based on different biochemical properties.
Across MOs, however, tasks of particular species of small
RNAs vary. Thus it is essential to point out before going
into the details of small RNA responses in a particular MO
that these are not general claims and cannot be extrapolated
easily onto other model species or even transformed into
general sentences.

In almost all organisms that display small RNA-based
gene regulatory circuits, small RNAs have been implicated
as important regulators of stress responses to biotic and
abiotic triggers. In plant and invertebrate immune systems,
small RNA responses to viral infections are believed to
be critical effectors of what is generally perceived as the
"innate" immune system. In these scenarios, small RNAs,
together with other immune effectors, guarantee resistance
to these triggers by implementing gene regulatory changes
that guarantee specific resistance to the particular trigger. In
the subsections to follow, I will focus on small RNA immune
effector functions.

While small RNAs are generally handled as immune
effectors in invertebrate and plant contexts, I will not pre-
suppose this verdict but consider some properties of small
RNAs that qualify them as immune effectors. First, small
RNAs are responsive to a host of different stressors, amongst
them pathogens. Second, small RNA responses to stress-
ors are specific—a particular immune response is only
launched against a particular pathogen. Third, small RNAs
are immune effectors from a system perspective: they inter-
act with other effector molecules of the immune system.
Fourth, small RNAs persist and guarantee extended resist-
ance against particular stimuli. They are, thus, also capable
of ensuring immune memory. Philosophers of immunology
tend to agree with this characterization. For instance, Pra-
deu characterizes small RNAs as immune effectors (Pradeu
2011; Pradeu 2020). Not only invertebrates and plants dis-
play small RNA-based immune functions. While there is a
small RNA arm of the jawed vertebrate immune system, it is
generally treated as neglectable, for it operates much slower
than cell-based immune responses (Parameswaran et al.
2010; Cullen and Cherry 2013). In the remainder of this sec-
tion, I will discuss small RNA-based responses to biotic and
abiotic triggers in an invertebrate and a plant model system.

Arabidopsis thaliana

As is the case for most non-jawed vertebrate immune
systems, plant immune systems are most of the time
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characterized by a "lack of." In particular, plants are con-
sidered to lack cell-based and adaptive immunity. Plant
immune responses are generally classified as those launched
against biotic stimuli, such as viruses, bacteria, helminths, or
fungi (Islam et al. 2018). Plant immunity has many different
effectors, such as PAMP-triggered immunity, Avr effector-
triggered immunity, cytokinins, volatiles, and small RNAs
(Jones and Dangl 2006; Katagiri and Tsuda 2010). I will
focus here on the small RNA-based arm of plant immunity;
however, it is essential to note that on a systemic level, small
RNA effects and other effector mechanisms are linked.

I will consider one particular MO, the thale cress Arabi-
dopsis thaliana. Relatively uninteresting from an agricultural
standpoint (compared to MOs such as tobacco and maize),
Arabidopsis had become the prime MO for plant genetics in
the 1990s (Leonelli 2007a). A handy MO because of its size,
short generation time, large number of offspring, and rela-
tively small genome size, the body of knowledge generated
from Arabidopsis research has brought about trailblazing
discoveries in several fields within plant biology (Leonelli
2007a). Projecting Arabidopsis results onto (agricultural)
plants in general is often justified by the assumption that
basic mechanisms ought to be applicable to other plants, par-
ticularly because of Arabidopsis's close genetic relatedness
with other flowering plants (Leonelli 2007a). Arabidopsis
is both a model of all flowering plants as well as a model
of the molecular processes individuated by flowering plants
(Leonelli 2007b).

In Arabidopsis thaliana, small RNAs have been shown to
respond to a host of different biotic and abiotic triggers, such
as fungi, viruses, bacteria, heat, cold, and drought, amongst
others (Liu et al. 2008; Nishimura and Dangl 2010; Seo
et al. 2013; Zhang 2015). There are, basically, two possible
mechanisms of action. Small RNAs can target a particular
trigger directly, that is, complementarily target the sequence
of the trigger, as is the case for viral RNAs. Or small RNAs
cause specific changes in gene regulation by complementa-
rily binding to mRNAs involved in different aspects of plant
growth, development, or seed germination, amongst others.
In these cases, small RNAs are triggered by the recognition
of the pathogen through other mechanisms.

The case of viral infection in plants is somewhat spe-
cial since it triggers the biogenesis of antiviral RNAs, small
RNAs that are complementary to the virus and thus realize
specificity to a trigger by their collinearity. Viral infections,
along with bacterial, fungal, or helminthic infections, also
trigger gene regulatory cascades through the up- or down-
regulation of many other small RNAs. The particular up- or
downregulation profile is specific to the particular trigger,
leading to physiological changes that ensure antimicrobial
resistance. These small RNA-based gene regulatory cascades
also occur when Arabidopsis is confronted with stimuli such
as cold, heavy metals, hypoxia, or UV-B radiation. As with
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biotic triggers, small RNA-based cascades lead to changes
in plant morphology, seed germination, or root development,
amongst others. Thus, trigger-specific responses are ensured
both in the complementary-based example of antiviral small
RNAs, in small RNA-based responses to other pathogens as
well as abiotic stimuli.

Caenorhabditis elegans

I shall next examine small RNA responses in the invertebrate
MO Caenorhabditis elegans (C. elegans). The C. elegans
MO was established starting in the 1960s in a genetics as
well as neurobiology context and became in 1988 the first
multicellular organism to be fully sequenced (Ankeny 2001).
C. elegans was selected because of its rapid life cycle, a sim-
ple reproductive cycle and genome, as well as its small size.
Furthermore, C. elegans has a predefined number of cells
(around 1000, the specific number depending on whether the
individual can self-fertilize or not) and is transparent. Most
C. elegans research is situated in genetics and development
and C. elegans is regarded as one of the most "basic" models
for development in animals.

As in plant systems, small RNAs are usually considered
effectors of the innate immune response in C. elegans. The
C. elegans immune system is generally believed to cope
without dedicated immune cells and rely besides its small
RNA arm on several different signaling cascades, involv-
ing MAP-kinase, insulin, and TGF-beta signaling path-
ways and effector molecules such as antimicrobial pep-
tides, lysozymes, and reactive oxygen species (Engelman
and Pujol 2010; Ermolaeva and Schumacher 2014). In the
context of the nematode's immune system, small RNAs are
mainly studied for their role in antiviral immunity (Wilkins
et al. 2005), but new results in C. elegans have also reported
small RNA-based resistance to bacteria (Kaletsky et al.
2020).

Small RNA-based responses have, however, also been
reported for several abiotic triggers, such as heat, starvation,
and high osmolarity. Most recent studies on small RNAs
in the C. elegans stress response have been conducted on a
systemic level, that is, changes in small RNA concentrations
are globally monitored. Current studies primarily describe
quantitative effects. Let me thus explain the particularities
of quantitative changes in small RNA pools after exposure
to biotic and abiotic stressors.

There are millions of small RNA molecules in each cell.
They compete for effector molecules. These effector mol-
ecules are involved in small RNA-based silencing. As effec-
tor molecules are limited resources, changes in small RNA
concentration will change the gene-regulatory landscape.
Because small RNAs are responsive to environmental trig-
gers, the equilibrium of types of small RNAs changes if
exposed to environmental triggers, i.e., more trigger-induced
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small RNAs compete with other species of small RNAs for
effector molecules (Sarkies et al. 2013; Veigl 2017). Thus
with changes in effector molecule occupancy, changes in
small RNA-based silencing are likely to ensue.

The "small RNA state" is the resulting equilibrium fol-
lowing exposure to a particular environmental trigger. Trig-
ger-induced RNAs are heterogeneous and partially specific
to the particular trigger. I will discuss two examples, one
concerning a biotic, the other an abiotic trigger. As for plant-
based small RNA responses, the encounter of viral RNAs
leads to the synthesis of small RNAs complementary bind-
ing viral sequences (Rechavi et al. 2011). In addition, other
infection-induced small RNAs target endogenous mRNAs
in the course of infection and thus induce gene regulatory
changes (Ren and Ambros 2015). This is also the case for
abiotic triggers. For instance, it has been reported that after
starvation, changes in pools of small RNAs can be moni-
tored, amongst them, e.g., small RNA species that regulate
yolk-protein coding mRNAs (Rechavi et al. 2014). These
gene regulatory changes involve changes in food metabolism
and how much yolk is packaged into the roundworm's eggs,
suggesting a specific response to food deprivation. In the
case of such quantitative studies investigating small RNA
responses in C. elegans, it is important not to associate a
particular small RNA species (that is, the group of small
RNAs that display the same sequence) with the resistance. It
is the RNA state that changes; thus, for example, decreasing
concentrations of other RNAs that were not directly trig-
gered by the environmental stimulus are necessarily part of
the small RNA response to an environmental stimulus.

In Search of the Biotic/Abiotic Distinction

In the previous section, I have demonstrated that small
RNAs are immune effectors that provide specific resistance
to biotic and abiotic stressors. It is, however, interesting to
note that small RNA-based responses to abiotic triggers
are generally not discussed within the plant or invertebrate
immunology literature.

Let me provide some examples: In attempts to define the
plant immune system, accounts emphasize exclusively the
immune system's interactions with the biotic world by focus-
ing on plant—pathogen interactions (Nishimura and Dangl
2010) or describe the plant immune system as "a system
that allows plants to resist attack from a wide variety of
organisms ranging from viruses to insects" (Bentham et al.
2020). Most of the time, the immune system and the abi-
otic stress-signaling networks are treated as distinct matters
(Dong et al. 2015; Bentham et al. 2020). Often, abiotic stress
is not considered at all when discussing immune responses
(Katagari and Tsuda 2010; Li et al. 2017). This also has
methodological implications, using, for example, data from

known abiotic gene regulatory networks as a control to study
immune regulatory networks (Dong et al. 2015).

Recent scholarship in plant immunology has, however,
emphasized the importance of studying immune and abiotic
signaling networks together but nevertheless treats abiotic
responses as distinct from immune responses (Jones and
Dangl 2006). Instead, these strands of research inquire about
which nodes both signaling networks converge (Nobori and
Tsuda 2019). When biotic and abiotic stressors are consid-
ered together, research questions are raised in a way that asks
for the effects of abiotic stressors on the immune system as
in, for instance, increasing disease susceptibility, or how the
plant fine-tunes immune responses in response to other envi-
ronmental stimuli (Alcazar and Parker 2011; Nejat and Man-
tri 2017). Thus, plant immunologists consider the immune
system "tunable" by abiotic stressors but only tunable with
regards to pathogen (biotic) resistance (Nobori and Tsuda
2019). They observe "environmental modulation of plant
immunity" and "roles for immune regulators in abiotic stress
tolerance" (Saijo and Loo 2020). That the immune system
might provide immunity to the abiotic is not part of these
considerations, which is also mirrored in linguistic choices,
describing responses to abiota as "resistance" or "tolerance,"
but not "immunity."

A somewhat striking finding is that frequently, small
RNAs are not even mentioned as immune effectors or only
casually mentioned for their involvement in virus response.
Instead, researchers focus on pattern-triggered and recep-
tor-triggered immunity (Nimchuk et al. 2003; Katagari and
Tsuda 2010; Bentham et al. 2020), processes that are some-
what similar to vertebrate innate immunity. Most of the time,
small RNA-based immunity is discussed in separate articles
and reviews that exclusively consider the contributions of
small RNAs to immunity. In these reviews, only small RNA
responses to biota are considered (Padmanabhan et al. 2009;
Seo et al. 2013).

Similar observations can be made for the case of C. ele-
gans. When describing immune functions in general, only
responses to biotic triggers are considered (Engelmann and
Pujol 2010). Much like the case of plant model systems,
if abiotic stressors are mentioned, it is by asking how two
separate signaling systems—the immune response and the
abiotic stress response—interact (Ermolaeva and Schu-
macher 2014). As for the plant example, the induction of
general stress resistance through immune signaling is con-
sidered, but not whether small RNAs can provide specific
resistance to particular abiotic stressors (Millet and Ewbank
2004; Nicholas and Hodgkin 2004; Ermolaeva and Schu-
macher 2014). Similar to the case of discussing small RNAs
in plant immunity, small RNAs are seldomly specifically
mentioned when discussing worm immunity in general, but
there are separate papers that focus on the role of (biotic
stress-induced) small RNAs in worm immunity.
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Mechanistic Convergence and the Biotic/
Abiotic Distinction

Even though there are several similarities of small RNA-
based responses to biotic and abiotic stressors in inverte-
brates and plants, these similarities are not thematized in
the immunological literature. Abiotic stress responses are
not considered part of, but at most potential influences on
the immune response. Given this status quo, let me thus
formulate an argument why small RNA-based responses
to biotic and abiotic stressors should be considered part of
the immune response. Particularly in the plant immunol-
ogy field, researchers have observed a certain convergence
of abiotic and biotic stress responses, meaning that effec-
tors have been reported to be involved in both types of
pathways (Ramegowda et al. 2020; Tajima et al. 2020).
With the small RNA example at hand, I shall, however,
give the convergence argument more substance—not only
are some effectors involved in both types of responses, but
the small RNA-based system shows mechanistic conver-
gence. This claim is more extensive since it does not only
hold that certain entities might be part of (different) biotic
and abiotic stress response mechanisms, but that certain
entities engage in the same or similar activities (i.e., they
realize the same mechanism) both in biotic and abiotic
stress responses.

I will provide a detailed mechanistic argument in what
follows. Small RNA responses to abiotic and biotic trig-
gers converge at the mechanistic level. Response to a
particular stimulus (be it biotic or abiotic) leads to small
RNA-caused gene regulatory changes and changes in the
small RNA state guaranteeing specific resistance to that
stimulus. Immunity thus also seems to be regulated in a
specific way, respective to the particular trigger. Take the
cases of small RNA responses in C. elegans as an example.
Even though there are slight differences in implementing
immunity against a virus or starvation, the mechanisms
concur at the relevant level—they engage the same effector
proteins and install immunity through the same princi-
ple (complementary binding). For the case of starvation-
induced gene expression changes, the change in RNA-state
seems more straightforward, as, given the wide-reaching
physiological impact of starvation and the many gene-
regulatory changes it requires, numerous species of small
RNA molecules change concentration (Rechavi et al.
2014). This is, however, also the case for the virus exam-
ple. An increase in one particular species of small RNAs,
in this case, virus-derived small RNAs, leads to changes
in overall concentrations (Sarkies et al. 2013). Given that
small RNA effectors are limited resources, an increase in
one small RNA species leads to, for example, fewer small
RNAs of a different species. Thus, both responses—the
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one following the biotic and the one following the abi-
otic triggers—converge at the level of small RNA pool
changes. In conclusion, small RNA-based immunity to
biotic and abiotic triggers is equally caused by specific
changes to small RNA states.

Is mechanistic convergence, however, sufficient to lift the
distinction between responses to biotic and abiotic triggers?
Mechanistic convergence is a fairly common phenomenon
that might not on its own justify drawing deep analogies.
Two intuitions about the distinctness of biotic triggers imme-
diately come to mind: (1) The interactions of organisms with
biotic triggers are distinct because of the versatility of the
biotic, the complexity of the interactions, and the evolution-
ary arms race engaging the host and the pathogen. (2) The
nature of the functioning of the immune system is deeply
rooted in its interaction with biotic triggers: immune systems
respond to biotic threats, a threat that goes into the body,
replicates, and persists.

The first intuition concerns biological individuality. Inter-
actions of the host with biota shape the target organism in
particular ways over evolutionary timeframes. The arms
race between the organism and its biotic environment brings
about specific innovations (Anderson et al. 2010; Stern and
Sorek 2011; Hoffmann et al. 2015): if we look at evolu-
tionary timeframes, the biotic/abiotic distinction becomes
empirically adequate. It is possible to reject this concern by
separating the evolutionary and the physiological individual
(Pradeu 2016). While from an evolutionary perspective there
might be differences between interactions with biota and
abiota, the same might not be valid for the physiological,
immunological perspective focused on one generation.

It is not, however, necessary to give in as much. Abi-
otic stimuli had tremendous effects on the evolution of
organisms. The most dramatic example is probably the
great oxygenation event (Dorado et al. 2010). The effects
of interactions with abiotic environments over evolution-
ary timeframes are, however, studied in different disci-
plines, such as genetics or paleontology. Given that some
small RNA-based responses to environmental triggers per-
sist transgenerationally (Rechavi 2014) (a topic not central
to this article's arguments), the evolutionary importance
of the immune system's interactions with abiota does not
seem entirely off the table. RNA-based immune systems,
thus, might not only bridge the biotic/abiotic divide but also
physiological and evolutionary perspectives (Veigl 2022a,
b). In addition, as I shall discuss in more detail below, the
mechanistic and evolutionary convergence of (abiotic) stress
responses and immune signaling is currently also discussed
in vertebrate immunology (Swiatczak 2020). In conclusion,
interactions with biota or abiota cannot be strictly separated
by the extent they affect the organism.

The second intuition is functionalist: shouldn’t we under-
stand immune systems by how they function, the most
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explicit characteristic of their functioning being responding
to a biotic threat located inside the body? Biota are charac-
terized by particular emergent properties, such as metabo-
lism and reproduction. It is precisely these properties that
guarantee immune interactions: they are signals of presence,
replication, and persistence. In short, the way the immune
system functions is through interactions with unique prop-
erties of the living. Current developments in immunology
and its philosophy, however, dissuade this perspective.
For instance, recent critiques of the self/nonself model are
primarily rooted in finding the idea of the organism (self)
fending off pathogens (nonself) empirically inadequate.
Instead, the philosophy of immunology favors a view of the
immune system as one that is not triggered by interactions
with exogenous substances and pathogens but by the context
of the interaction (i.e., the trigger's degree of discontinuity).
Immunogenicity is thus not solely explainable by the threat
posed by biota or the "foreign." Rather, immunity becomes
a more contextual property. While the abiotic environment
has so far been acknowledged as part of the background
producing a particular context, small RNA-based responses
suggest that they might also have more active engagements
with the immune system. The small RNA state produced
through the convergence of biotic and abiotic small RNA
signaling pathways (and other "physiological" small RNAs)
provides a readout of the organism's current interactions
with the environment.

Given that reasons to distinguish biota and abiota entirely
in immunology a priori are not too immediate, it is now
upon me to question why the distinction is in place in inver-
tebrate and plant immunology. Furthermore, it is necessary
to carve out how exactly the distinction is operational, given
that abiotic triggers are not entirely neglected but admitted
as "fine-tuners" of the immune system.

How the “Soft” Biotic/Abiotic Divide
Came to Operate on Small RNA Responses
in Invertebrate Immunology

If T have been successful in arguing that the mechanistic
convergence of small RNA-based responses to biota and
abiota justifies both types of responses being understood as
immune responses, it is now necessary to investigate why
the biotic/abiotic divide is upheld within C. elegans and A.
thaliana immunology.

Small RNAs were Born in a Biochemistry/Genetics
Background

In previous sections, I argued that while small RNAs are
recognized as immune effectors in plant and invertebrate
immune systems, they are often not incorporated into general

musings about immune systems but are instead dealt with
in separate articles. Nevertheless, the implicit separation of
responses to biotic and abiotic triggers is carried through in
these articles, considering only those small RNAs respond-
ing to viruses, bacteria, helminths, and so on as immune
responses. It thus seems necessary to ask: why doesn’t the
mechanistic convergence of responses to biotic and abiotic
triggers induce a discussion or questioning of the biotic/
abiotic distinction in these research fields?

To answer this question, we have to look at the discipli-
nary history of small RNA research. Small RNAs are some-
what new to immunological discourse. Even though, particu-
larly in plants, RNAs have been hypothesized to be involved
in defense mechanisms for almost a century (McKinney
1929; Sela and Applebaum 1962), their success story started
in the late 1990s (Fire et al. 1998; Ruiz et al. 1998).1 While
the involvement of small RNAs with immune functions,
particularly virus defense, was early to be established after
the discovery of RNAI, the small RNA research field was
primarily a geneticist and biochemist endeavor (Veigl 2021).

With the embeddedness of the small RNA field in these
settings also comes a particular way of how small RNA
responses to environmental triggers are discussed. Small
RNA responses are embedded in the language of genetics.
They are often considered "adaptive" in a genetic sense, that
is, as potentially contributing to differential fitness, but not
as "adaptive" in the immunological sense of the word. In
the "genetic" literature on small RNA responses, the biotic/
abiotic distinction is not operational: if small RNA contribu-
tions to adapting to specific environmental conditions are
discussed, small RNA-based responses to heat, starvation,
and virus infection are mentioned within one sentence, with-
out invoking conceptual separations. In this background, the
environment thus seems to be considered in its entirety. In
addition, as argued before, even though there are specialized
effector molecules for particular small RNA pathways, the
interconnectedness of different small RNA pathways con-
tributing to small RNA states is a guiding principle of small
RNA biology (in their genetics/biochemistry situatedness)
and further dissuades treating small RNA responses to biota
or abiota separately.

The conceptual distinction of small RNAs into those that
respond to biotic and those that respond to abiotic stressors
in the immunological discourse was thus not imported from
the original disciplinary context. In addition, many of the
effects of small RNAs considered immune effector functions
were not discovered in the disciplinary context of immunol-
ogy. For instance, the most cited works on small RNA-based

"' In fact, the fact that RNAs could trigger immune responses in
the jawed vertebrate immune system was an important background
hypothesis in the discovery of RNAi (Fire et al. 1998).
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defense against viruses and bacteria were conducted in plant
and invertebrate genetics and not initiated by an immuno-
logical/medical research objective.” Small RNA-based
immunity was thus imported from a different disciplinary
context and is not "native" in an immunological context. One
trace of this "transfer" is that small RNA-based responses
are often dealt with separately in the immunological disci-
pline rather than in connection with other, more established
immune effectors.

When it comes to discussing small RNAs and immune
systems, a process of de- and re-situation takes place; small
RNA-based effects are appropriated to fit immunological
discourse. When importing small RNAs into immunology,
only those small RNA responses launched against biotic
stimuli were appropriated. Small RNA responses to biota
were incorporated in the invertebrate and plant immunologi-
cal literature. What counts as an immune response was pre-
determined by the presuppositions of the target discipline.
It is, thus, necessary to enquire why invertebrate and plant
immunologies presuppose that interactions with abiotic trig-
gers do not fully qualify as immune responses.

Is There a“Soft” Biotic/Abiotic Distinction
in Vertebrate Inmunology?

While immune systems of all species are studied within
immunology, it is fair to say that there is an extreme empha-
sis on the immune systems of jawed vertebrates. Inverte-
brate or plant immune systems, for instance, do not make
it into the most influential immunology textbooks (e.g.,
Abbas 2017). As discussed in previous sections, many
accounts of C. elegans and A. thaliana immune systems
describe these systems referencing their similarities and
dissimilarities from jawed vertebrate immune systems. On
the one hand, they describe these systems in terms of "lack
of," for instance, cell-based immunity. On the other hand,
most reviews focus on those effectors that are somewhat
comparable to jawed vertebrate immune systems, such as
(protein) receptor-based signaling, and specifically those sig-
nal molecules that are homologous to effector molecules in
mammals. When discussing invertebrate and plant immune
systems in the literature, there is thus a strong tendency to
appropriate immune phenomena in a discourse shaped by

2 There is one particular species of small RNAs, miRNAs, that
attracted much attention after it was discovered that they have hom-
ologues in vertebrates, and, even better, mammals: miRNAs (for a
short time called stRNAs) (Pasquinelli et al. 2000). Since then miR-
NAs were found to contribute to many developmental and disease
phenotypes and have somewhat separated from the genetic/biochemi-
cal small RNA fields. Thus, with the "disease-relevant" small RNAs
(at least in the vertebrate context) separated from the field, the genetic
situatedness of remaining small RNA-types gets even stronger.
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the properties of the jawed vertebrate immune system, in a
way that suggests the biggest symmetry possible. Given this
polarized perspective present in accounts of invertebrate and
plant immune systems, it seems necessary to ask whether
presupposing the biotic/abiotic distinction is also due to per-
spectives polarized towards vertebrate immunology.

Vertebrate adaptive immunity is usually viewed as an
evolved property that sets apart jawed vertebrate immune
systems from the immune systems of invertebrates, plants,
and other eukaryotic and prokaryotic lifeforms (Flajnik and
du Pasquier 2004; Netea et al. 2019), with the recent excep-
tion of CRISPR-Cas9-based immune systems in bacteria and
archaea (Koonin 2019; Pradeu 2019). Entangled with the
differentiation of adaptive and innate immune systems is
the notion of specificity (Podolsky and Tauber 1997).> In
general, specificity refers to the phenomenon that an immune
response to a pathogen is targeted towards that pathogen
(exclusively). The capacity to specifically respond to, and
after a certain time, re-respond to a particular stimulus is
reserved for adaptive immune systems.*

Immunological specificity is a good starting point to
enquire about the biotic/abiotic distinction. Can an abiotic
trigger be specifically recognized and re-recognized by the
effectors of the adaptive immune system? And, does that
response lead to "immunity" specific to that particular abi-
otic stimulus? Upon interaction with an antigen, B- and
T-cells have the capacity to recognize this trigger through
the match between their receptor and a specific "epitope," a
molecular structure specific to that trigger presented to them
by antigen-presenting cells (APCs). The capacity of B- and
T-lymphocytes to recognize specifically almost any epitope
is realized through a process called V(D)J recombination
(Sakano et al. 1980). By recombining those parts of DNA
that code for receptor fragments, each matured lymphocyte
can recognize a molecularly unique epitope. Epitopes can,
however, be recognized by several distinct receptors with
varying degrees of affinity and avidity. Epitope binding
alone, however, does not trigger an immune response, but a
second trigger, such as costimulatory triggers from an APC,
is needed.

How B- and T-cells interact with epitopes makes it hard to
conceptualize how certain interactions with abiotic triggers

3 At this point it is important to differentiate immunological from
genetic specificity (Woodward 2010). While the notion of genetic
specificity was initially imported from immunology and histochem-
istry (Kay 1989; Morange 2020) the notions are particularly situated
within their disciplines and not coextensive. Roughly, immunological
specificity describes a response that is particular to a trigger.

4 There are exceptions such as trained immunity. Authors seem to
agree, however, that such exceptions do not realize the phenomenon
of adaptive immunity fully, but only some aspects of it (Pradeu and
du Pasquier 2018).
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would work. Many abiotic triggers are not corporeal. Rather
than being entities, they are vectors, acting upon an entity.
What translates into an epitope of "it is too cold" or "it is too
hot"? How to interact with "there are too few food sources"
or "it has been too salty"? Even more so, how could such
exposures and reactions to these exposures be extinguished
and subsequently relaunched?

At this point, it is necessary to specify different kinds
of abiotic triggers. Amongst abiotic triggers, we have to
distinguish between corporeal and non-corporeal triggers:
Corporeal triggers exist because there is a body as a material
realizer, whereas non-corporeal triggers do not have bodies
as material realizers.’ Corporeal triggers can be organic or
inorganic triggers: those corporeal triggers whose molecular
structure is determined by one or more carbon atoms are
organic, whereas those corporeal triggers whose material
realizers are composed of structuring elements other than
carbon atoms are inorganic.

In the previous sections on small RNA-based immune
responses in Arabidopsis and C. elegans, 1 have primar-
ily examined non-corporeal triggers, such as, for exam-
ple, temperature. How can the immune system specifically
recognize coldness? Non-corporeal abiotic triggers do not
have epitopes, stricto sensu. Given what is taken to make
the adaptive immune system special, it is unclear how its
specific memory of certain triggers could translate to non-
corporeal abiotic triggers that are environmental conditions.
How could the adaptive immune system ensure that after
repeated heat shock, radiation, or starvation, the organism
launches a more efficient response to these stimuli? The
processes leading to adapting to these stressors are instead
studied in genetics or epigenetics and thus concern different
evolutionary timeframes.

How therefore does jawed vertebrate immunology deal
with abiotic triggers? Immune cells must be responsive to
abiotic stimuli. There are many substances, such as dead
bacteria, immune stimulants like alum, deleterious crystals,
RNAs, or synthetic antigens used within vaccines that can
produce specific resistances (Sela 1983; Ulmer et al. 2006;
Pardi et al. 2018). Also, immunologists study “sterile inflam-
mation,” meaning inflammation in the absence of pathogens,
caused by, for example, cell death and tissue damage (Chen
et al. 2007; Chen and Nunez 2010). Finally, given condi-
tions such as fever, or temperature discrepancies between
central and peripheral parts of the human body, immune
cells are exposed to almost 10 “C in temperature variation.

3 I use corporeal in the above sense and not in the sense of “derived
from a body.” For instance, I consider synthetic proteins corporeal
since they are materially realized by a body. A distance, for example,
would be non-corporeal since it has no body as a physical realizer,
but is material.

There must thus be a way that immune cells respond to and
accommodate abiotic triggers.

To investigate this topic, it is essential to distinguish
between immunogens and antigens. An immunogen is a trig-
ger that causes an immune response. An antigen is a sub-
stance that can interact with immune receptors (antibodies,
T-cell receptors). Immunogens can be biotic but antigens are
not “living,” since they are relatively small molecules. How-
ever, in the case of immune reactions to pathogens, antigens
are derived from a living pathogenic trigger. They are, in a
way, corporeal traces of the living.

While popularized and pedagogic texts about jawed ver-
tebrate immune systems and many review articles describe
the jawed vertebrate immune system as one that exclusively
responds to biotic triggers and maybe mention corporeal
abiotic triggers, ongoing research also studies responses to
non-corporeal abiotic triggers. For instance, temperature
is sensed by particular T-cells and induces several gene-
expression changes, probably to prime them to activity in
peripheral sites, where the body temperature is below 37 °C
(Xiao et al. 2011). Stress-associated signals such as heat
shock proteins can also induce the production of second sig-
nals. Other examples include osmolarity changes that can
induce T-cell inflammatory responses to cellular and tissue
stress conditions (Eddie and Medzhitov 2015) and nutri-
tional status impacting immune cell metabolism and func-
tion (Alwarawrah et al. 2018). Finally, sterile inflammation
involves cases where the trigger is neither biotic nor abiotic
as in the case of wounds: here, inflammation is related to
the absence of the corporeal. Of course, such scenarios are
complex in that wounds also involve biotic corporeal triggers
such as dying cells. Within vertebrate immunology there is,
thus, no hard, explicit biotic/abiotic distinction since many
different abiotic triggers’ interactions with the immune sys-
tem are being studied. Furthermore, non-corporeal abiotic
triggers are considered for their effects on and the fine-tun-
ing of other canonical immune effector functions.

There is, however, one area of immune system function-
ing where abiotic non-corporeal triggers have so far not been
considered: adaptive immune memory. Also in these sce-
narios abiotic non-corporeal triggers are considered impor-
tant fine-tuners (e.g., Appenheimer and Evans 2018), but
adaptive immunity against abiotic non-corporeal triggers
is (currently) not discussed. This, of course, necessitates
the question whether it would even “make sense” for jawed
vertebrates to guarantee adaptive immunity against abi-
otic non-corporeal triggers. There are certainly other phyla
which have to deal with abiotic changes in the environment
differently. Plants, for instance, cannot change location if
environmental conditions are not favorable. Also, for organ-
isms with shorter lifecycles than jawed vertebrates, such as
C. elegans, any environmental fluctuation would last for a
significant amount of time in the life of a roundworm. In

@ Springer



218

S. J. Veigl

conclusion, it is empirically adequate to state that while
there is no “hard” biotic/abiotic distinction operating in
vertebrate immunology, there is a “soft” distinction, in that
abiotic non-corporeal triggers are not currently investigated
for their capacity of eliciting adaptive immune memory. This
“soft” distinction, however, is not an unwarranted presup-
position, but corresponds to current understandings of jawed
vertebrate immune systems. It now remains to ask whether
this particular understanding of the role of abiotic non-
corporeal triggers in vertebrate immune interactions affects
conceptualizations of immune responses in the invertebrate
and plant contexts.

Disciplinary and Taxonomic Polarizations Govern
Clashes of Representational Spheres

In previous sections, I illustrated how small RNA
responses in invertebrates and plants converge at a
mechanistic level and that, if we are prepared to consider
small RNAs as immune effectors in general, there are no
straightforward reasons for considering only small RNA
responses to biotic triggers as immune responses. In the
case of invertebrate and plant immune systems, both
small RNA responses to biotic and (non-corporeal) abi-
otic triggers provide specific responses and confer specific
resistance to the organism against a second trigger. The
resistance is guaranteed in the same way given the mecha-
nistic convergence of both pathways. Nevertheless, in the
immunological literature on A. thaliana and C. elegans,
non-corporeal abiotic triggers are only considered influ-
ences on, or fine-tuners of the immune system. Given the
overwhelming dominance of jawed vertebrate immunity in
the field of immunology, both historically and currently,
and given how invertebrate and plant immunologists seem
to make their discussions fit the jawed-vertebrate perspec-
tive, we have reason to speculate that they also adopted the
jawed-vertebrate specific way of treating non-corporeal
abiotic responses—as not capable of engaging in specific
interactions that induce immune memory.

Let me thus propose a particular dynamics between
the representational scopes of MOs in basic and applied
research and how they interact if brought together (Fig. 1).
It concerns particularly the sphere where basic research pro-
duced in invertebrate model organisms and applied, medical
knowledge produced in vertebrate model organisms meet.
The range of phenomena that will be studied when inver-
tebrate MO basic knowledge gets transferred into a more
"applied" subject such as immunology will be determined
by the dominant MO, often representing the core objec-
tive of the discipline (e.g., understanding diseases of the
human body), in the applied field. While processes studied
in organisms such as worms and plants are often treated in
basic research contexts as representing processes in "more
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complex" organisms, only those processes that correspond
to processes studied in the more applied field and the "more
complex" MO are admitted into the applied discipline, in our
case, immunology. It is a clash of representational spheres
that is determined by the institutional conditions of the target
discipline. The MO of the target discipline repolarizes the
organization of the phenomena of the source organism. Sim-
ilarly to how other aspects of plant and invertebrate immune
systems are discussed in regards to and whether they match
processes in jawed vertebrate immune systems, the parts that
are dissimilar to jawed vertebrate systems were left out in
the small RNA case as well. Particularly, specific immune
memory to non-corporeal, abiotic triggers is not considered.

In invertebrate and plant fields, there are, however, good
reasons to challenge or change this perspective and explore
ways of including (non-corporeal) abiotic responses as
equal, stand-alone ways of immune function. As immune
effectors, small RNAs provide specific responses to (non-
corporeal) abiotic triggers that cause (prolonged) resistance
to this trigger. In this section, I have traced why small RNA-
based responses to abiotic stimuli in plants and invertebrates
are not considered immune responses. I have also shown that
the distinction between biota and abiota is complicated to
wrestle with when it comes to immunological discourse. A
full-blown biotic/abiotic distinction is neither explicit nor
operational. Also, the distinction does not seem to be an
“actor’s category”’—a way practicing immunologists con-
ceptualize their findings. Non-corporeal abiotic stressors
are not ignored. But the immune system is not viewed as
a system that guarantees specific resistance against a non-
corporeal abiotic trigger after first having specifically inter-
acted with that very same trigger. This perspective towards
non-corporeal abiotic triggers seems empirically adequate
in vertebrate immunology but influences the conceptual rep-
ertoire of other branches of immunology where evidence
points into a different direction.

Towards an Eco-lmmunological Perspective
on the Inmune System’s Interactions
with Abiota

In the previous section, I investigated why in plant and
invertebrate MOs, despite mechanistic convergence, small
RNA-based responses to abiota are not considered immune
responses. I have argued that even though this convergence
obtains, it currently does not affect conceptualizations in
invertebrate immunology. In this section, I will argue why
this mechanistic convergence not only obtains but also mat-
ters, that is, it has significant consequences for several con-
ceptual questions in immunology and its philosophy. I will
particularly query into three interrelated subjects. Given the
incorporation of non-corporeal abiotic triggers as immune
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responses, how is the conceptual border of what an immune
phenomenon is reshaped? Do cognitive metaphors extend
to "recognition" of non-corporeal abiotic triggers by small
RNAs? How do small RNA responses to abiota sit with con-
ceptions of immunity that dissuade agential thinking, such
as eco-immunity? Considering response to abiota as part of
the immune response, I will show, yields a fuller picture of
the notion of “environment.”

While organism—environment interactions represent one
key area of interest in the current philosophy of immunology
(Gilbert and Tauber 2016; Pradeu 2016; Suérez and Stencel
2020; Schneider 2021), interactions of the organism with
the abiotic parts of the environment have not yet attracted
much attention. Let me thus discuss what is at stake when
expanding immune responses to the abiotic. Adding non-
corporeal abiotic triggers as triggers the immune system can
interact with suggests a conception of immunity that regards
immune reactions as those reactions that enable the organ-
ism to become an integrated constituent of an environment.
This perspective on immunology is labeled eco-immunol-
ogy, calling for integration of immunology, developmental
biology, and ecology (Demas and Nelson 2011). While eco-
immunology has so far primarily considered environments
as environments that house particular microbes, abiotic con-
ditions are necessarily part of the environment. The question
is whether they are in the background, or come to the front.

A more thorough consideration of responses to abiota
also corresponds with recent trends in plant immunology,
calling for integrating responses to abiotic environmental
factors in the study of plant-microbe interactions (Saijo and
Loo 2020). While considering abiotic factors conceptually
expands the operational notion of environment in immunol-
ogy and its philosophy, the inclusion of abiotic factors still

maintains a precise notion of what an immune interaction
is. Even more so, it is in line with systemic perspectives
on immune interactions, which are currently popular within
the philosophy of immunology (e.g., Pradeu 2011). Such
perspectives regard the interactions of immune systems with
environments as continuous. An immune response is trig-
gered if there is a disturbance (i.e., a change in the conti-
nuity of the interactions). Including responses to abiota as
immune responses still preserves immune triggers as results
of continuous (i.e., embedded in the environment) interac-
tions separated from those that are discontinuous, resulting
from actions and/or agents. In short, it preserves the dis-
tinction between immune response and avoidance behavior.
Similarly to how an immune reaction might be triggered if a
change in the composition of the microbiome is too substan-
tial in a certain context (the immune interactions are too dis-
continuous compared to those in a previous (steady) state),
an immune reaction is triggered if a temperature increase
or decrease is too sharp (i.e., discontinuous). Just as the
immune system interacted at both time points with microbes,
it also interacted at both time points with the outside tem-
perature. The types of interaction partners are continuous,
because they are embedded in the environment, and they are
predefined as stimuli the immune system has the capacity
to interact with, but changes in quantity or quality of these
stimuli cause discontinuity and thus an immune reaction.
Nevertheless, the conceptual tie between immune systems
and cognition and agency is a deep one, not only reflected
in the use of cognitive metaphors in immunology but also
through the ever-increasing number of reports on the inter-
connectedness of the immune and the neurological system
(Koren et al. 2021; but also for small RNAs in C. elegans
see Posner et al. 2019). However, despite including reactions
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to non-corporeal abiotic triggers, a demarcation remains
intact through the criteria of specificity and resistance. For
instance, a fly that reacts to a flyswatter being swung would
not be considered to be reacting specifically to the flyswat-
ter (as opposed to a whack of my hand or a boulder rolling
down the hill, towards the fly), or being resistant (through
learning) to further exposures. This is because, as already
primed in the previous paragraph, interactions between envi-
ronmental components and the organism require degrees
of correspondence between them. A flyswatter and the fly
immune system cannot inform each other since the immune
system can neither represent nor present the flyswatter. The
above considerations suggest that we have a particular notion
of certain "spheres" of encounter we believe cannot directly
interact with each other because sufficient correspondence
is not given. Nevertheless, the question remains whether the
cognitive metaphor still obtains in interactions in a suffi-
ciently similar sphere, namely whether the immune system
"cognizes" abiota similarly to biota.

Tauber (2013) points out that there are two different theo-
ries of cognition that are employed in immunology—the rep-
resentational and the nonrepresentational (presentational).
Representational perspectives require cognitive mediation
between the immune system and the antigen. The antibody
can represent the antigen because both correspond, the
immune system can be "informed" of the other. Presenta-
tional perspectives do not differentiate between the recog-
nizer and the recognized; perception is locked into a system
with no cognitive hierarchy. Thus "agency as a function of
a subject processing data is replaced with perception con-
ceived as the system's disturbance" (Tauber 2013, p. 246).
The antigen is not a representation but a component (that
breaks linkages/causes disequilibrium).

Corresponding with its fit with an eco-immunological
perspective, the small RNA-based responses fit with the
presentational take on the cognitive metaphor. According
to Gibson, perception requires resonance between cognitive
structures and sensory data—environment is already organ-
ized as meaningful, the world is already seen as a direct
presentation (Gibson 1979). This view also presents an
alternative to the self/nonself model because meaning arises
within the system itself. "When selfhood frames immune
functions, coupling agency to representational modes of
perception completes a portrait of the biological subject,
who navigates the world with a cognitive apparatus bor-
rowed from human models" (Tauber 2013, p. 255). Another
related approach argues that immune "learning," "memory,"
"recognition," and so on, are functions of the entire organ-
ism (Maturana 2002); the cells and molecules comprising
the immune system are not themselves cognitive except as
used metaphorically in their physical descriptions. This
point has also been made elsewhere regarding genes and
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agency, arguing that many biological terms are just meta-
phoric extensions of ourselves (Wilson 2005).

Particularly with abiotic non-corporeal triggers, the repre-
sentational model seems not applicable—is the correspond-
ence between organism and world ensuring the informing
of the immune system, leading to higher-order processing?
Can any immune effector "represent” increased tempera-
ture similarly to how an antibody represents an antigen to
the immune system (Tauber 2013, p. 243)? Self-ness also
requires a certain correspondence between the cognizer and
the cognized, making it difficult to understand how a par-
ticular temperature could be more or less self than a different
temperature. The idea of the small RNA state moves away
from this perspective. Instead, the presentational version of
the cognitive metaphor aligns with the small RNA state and
the idea of mechanistic convergence. No single entity can
represent the environmental trigger. Changes in small RNA
equilibria present the current status of the system; the system
knows but is not informed, because the small RNA state
continuously mediates between organism and environment.
Thus, it also seems no surprise that it is precisely the level of
the small RNA state on which responses to biota and abiota
converge, as this is also the place where immune "cognition"
operates in the ecological rendering of the metaphor.

In this section, I have argued that incorporating small
RNA responses to (non-corporeal) abiota as immune
responses because of their mechanistic convergence suggests
an eco-immunological perspective. Adopting the presenta-
tional reading of the cognitive metaphor, it is exactly the
small RNA state—shaped by small RNA responses to biotic
and abiotic triggers—that presents the organism’s interaction
with the environment. Consequently, both agential perspec-
tives on immune systems that rest on the creation of self-
hood and individuality are dissuaded and "acknowledged as
products of the third person point of view" (Tauber 2013,
p. 259).

% Buying into the ecological reading of the cognitive metaphor also
bears on another central issue in immunology and its philosophy,
namely individuality. The eco-immunological perspective dissuades a
version of immunological individuality that is based on self-nonself
discrimination but regards individuality as embedded in and continu-
ously renegotiated with the (biotic and abiotic) environment. While
notions of the environment in eco-immunological discourse usually
focus on biota, particularly bacteria composing the holobiont, the
mechanistic convergence of small RNA responses to biota and abiota
might provide a way to include a fuller notion of the environment in
the eco-immunological perspective. The full bearing of considering
abiota in configuring physiological individuality, however, needs to
be dealt with elsewhere.
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Conclusion

In this article I have examined the salience of the biotic/
abiotic distinction within the immunological discipline. I
have questioned why a particular set of phenomena in an
invertebrate and a plant MO—small RNA-based responses
to environmental triggers—are not treated as a cohe-
sive set of processes but are separately discussed: small
RNA-based responses to stress from the biotic part of
the environment as immune responses, small RNA-based
responses to stress from the abiotic part of the environ-
ment as generalized stress responses. I have asked whether
and why a distinction between biota and abiota is opera-
tional in invertebrate and plant immunology. I have argued
that a clash of representational spheres (between the
dominant MO of immunology and the dominant MOs in
"basic research" disciplines in which the phenomena were
uncovered initially) that is governed by strong taxonomic
polarities leads to the application of the soft biotic—abi-
otic divide—that non-corporeal abiotic triggers are not
considered capable of priming immune memory towards
them—in plant and invertebrate immunology.

While prominent in other parts of (the philosophy of)
biology, such as evolutionary biology, the biotic/abiotic
distinction is not as explicit in immunology. Textbooks
on immunology do not commence with differentiations of
what lives and what does not live, what is corporeal and
what is non-corporeal, and neither do review articles men-
tion this distinction when introducing immune systems.
Nevertheless, the distinction is implicitly operational:
researchers focus on how non-corporeal abiotic triggers
might affect or fine-tune the immune system but do not
investigate whether the immune system can specifically
respond to the non-corporeal abiotic trigger, so the organ-
ism acquires resistance to that trigger.

Thus, while non-corporeal abiotic triggers are not
absent from immunological discourse, they cannot be
accommodated by one function we consider essential for
immune systems: trigger-specific response, re-response,
and resistance. Thus, while this qualified version of the
biotic/abiotic distinction is not as explicit as in other fields
and is empirically adequate in vertebrate immunology,
it does some conceptual heavy lifting within plant and
invertebrate immunology. To confront the distinction, it
is, however, necessary to bring it to the forefront.

It is not trivial for an epistemic object to travel between
disciplines. Deeply embedded conceptual presuppositions
in the target discipline reshape the travelling set of phe-
nomena. It is thus hard to maintain a comprehensive view
of "immunity." Indeed, if immunity is considered beyond
the vertebrate case in plant and invertebrate MOs, there
is a mechanistic basis for a small RNA-based system to

realize immunity to non-corporeal abiotic stressors. Small
RNA-states present interactions with the environment.
Even though in the vertebrate and the invertebrate/plant
scenario, abiotic triggers are immunogenic and not anti-
genic (i.e., they can trigger an immune response but cannot
themselves specifically interact with immune receptors),
there are dedicated mechanisms in invertebrates and plants
that channel the trigger into a small RNA-based immune
response that subsequently guarantees resistance to that
very trigger.

Accepting small RNA-based responses to abiota as part
of immune responses emphasizes the organism's constant
interactions with and embeddedness in the environment. It
also helps move towards a fuller picture of the ecological
perspective on immunity, including environmental micro-
biota and non-corporeal environmental abiota as specific
interaction partners. In so doing, it is in line with dissuading
the representational version of the cognitive metaphor and
with it the emphasis on agential thinking and mechanisms
of insularity.

The convergence of biotic and abiotic stress responses
is not limited to small RNA pathways in plants and inver-
tebrates. How (generalized) stress signaling and immune
signaling relate is also a question central to vertebrate immu-
nology. For instance, those molecular mechanisms ensuring
diversification following certain environmental conditions
as an evolutionary adaptation in prokaryotes are believed to
have been co-opted by the adaptive immune system to guar-
antee these diversification processes within the physiological
individual (Swiatczak 2020). Also for the innate part of the
immune system, co-adaptive evolution of stress and immune
responses has been proposed (Zhang et al. 2015). As a result,
many call for an integrative perspective towards stress
signaling and immune responses when studying diseases
(Andreassen and Vestbo 2003; Muralidharan and Mandrekar
2013). In this respect, it might prove extremely interesting to
further investigate how small RNAs play a role in vertebrate
immune signaling, since they might also play a role in bridg-
ing stress and immune responses in jawed vertebrates as
small RNA-based immune responses are considered to have
evolved prior to cell-based immunity and thus, there might
be pathways where both types of effectors converge. Small
RNA-based effects, amongst other immune effectors such as
heritable maternal antibodies, are also important candidates
for another aspect of the convergence of (evolutionary) stress
response pathways and (physiological) immune responses:
adaptive, heritable immune responses might be considered
cases of “Lamarckian” inheritance. This further blurs the
line on what is a genetic process, and what is an immune
response.

In conclusion, investigating any conceptual distinction
brings to light the many ways that particularities of bio-
logical processes, disciplinary histories, applied versus basic
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research, MO repertoires, and the situatedness of concepts
and practices all contribute to a particular way of divid-
ing aspects of the world into grand classes. If these con-
tingent norms obstruct specific investigative strategies, if
they obstruct particular perspectives that would be fruitful,
that would help to see specific systems differently, then we
need to question contingent norms and contingent discipli-
nary lines. In this article, I hope to have demonstrated that
a "soft" version of the biotic/abiotic distinction in immu-
nology—specifically, that there is no (adaptive) immune
memory against non-corporeal abiotic triggers—causes the
exclusion of certain phenomena in plant and invertebrate
immune interactions that could otherwise be considered part
of the immune system. To denaturalize such distinctions and
question their applicability, generality, and fruitfulness it is
important to rely not only on the models central to a particu-
lar discipline in order to ask what is an immune response and
whether a comprehensive answer can be given.
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