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Abstract
In this commentary of Koonin’s target paper, we defend an extended view of CRISPR-Cas
immunity by arguing that CRISPR-Cas includes, but cannot be reduced to, defence against
nonself. CRISPR-Cas systems can target endogenous elements (for example in DNA repair) and
tolerate exogenous elements (for example some phages). We conclude that the vocabulary of
“defence” and “nonself” might be misleading when describing CRISPR-Cas systems.
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1. Introduction
Eugene Koonin has put forward very original and stimulating ideas about CRISPR-Cas systems
in his target paper for Biology & Philosophy (Koonin 2018, this issue) as well as in previous
publications (Makarova et al. 2011; Koonin 2017; Koonin et al. 2017). In this commentary, we
argue that CRISPR-Cas includes, but cannot be reduced to, defence against nonself. This claim
is not intended as an objection to Koonin, but rather as an invitation to fully clarify to what
extent the “expanded” view of CRISPR-Cas immunity suggested here is adequate.
This paper does not address some of the central claims made by Koonin on CRISPR-Cas
systems in his paper, including the possibility to describe this process as “Lamarckian”. These
points are examined by other commentaries of this journal issue. Rather, as an immunologist
and a philosopher of immunology, our focus is on the description of CRISPR-Cas as an immune
system, and on the question of how to best characterize this immune system. We try to make
use of our knowledge of the functioning of other immune systems in the living world to better
identify the characteristics that are specific to CRISPR-Cas, and those that it shares with other
immune systems.
CRISPR-Cas constitutes a fantastic discovery for the field of immunology, in that it brilliantly
confirms that immune systems, far from being limited to vertebrates, are found everywhere
across the living world – in animals, plants, Bacteria and Archaea (Shabalina and Koonin 2008;
Pradeu 2012; Koonin and Krupovic 2015). The description of CRISPR-Cas as an immune system
was not obvious fifteen years ago, and this idea has a convoluted history (Morange 2015;
Ledford 2016; Barrangou and Horvath 2017; Ishino et al. 2018). Although several groups had
anticipated it, this idea was stated clearly in three papers published only in 2005 (Mojica et al.
2005; Pourcel et al. 2005; Bolotin et al. 2005) and 2006 (Makarova et al. 2006), and it is often
considered that it has been experimentally demonstrated only in 2007 by the group of Philippe
Horvath in Science, where CRISPR-Cas was proved to provide acquired and specific resistance
to phages in Bacteria and Archaea (Barrangou et al. 2007).
The long-dominant view in immunology has been that an immune system is a defence system
that preserves its host (the “self”) while eliminating every foreign entity (“nonself”) (Burnet
1960; Bretscher and Cohn 1970; Clark 2008). Unsurprisingly, the characterization of CRISPRCas as a prokaryote immune system has been done using the vocabulary of “defence” and
“self” vs. “foreign” (e.g., (Barrangou et al. 2007; Levy et al. 2015)), and this vocabulary is also
prevalent in Koonin’s target paper (Koonin 2018, this issue).
The last twenty years of research, though, have cast doubt on the classic view of immune
systems as defence systems against nonself (Pradeu 2012), by showing that:
i) the immune system plays a key role in the construction (development) and
maintenance (repair and “housekeeping” mechanisms) of the organism, and therefore
is not limited to defence activities.
ii) many endogenous (“self”) components trigger an effector immune response.
iii) many exogenous (“nonself”) components do not trigger an effector immune
response and are actively tolerated by the host.
These observations have been confirmed across multicellular species (including vertebrates,
invertebrates, and plants). They have led to the formulation of new conceptual and theoretical
frameworks, distinct from the classic self-nonself view (Matzinger 1994; Cohen 2000; Pradeu
and Carosella 2006). Hence, it seems worth asking whether CRISPR-Cas can be described using
a framework that would differ from the traditional concept of defence of the self against
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nonself. We therefore raise in what follows two intimately related questions: does CRIPSR-Cas
respond to nonself?; is CRISPR-Cas a system of defence?
2. Does CRISPR-Cas respond to nonself?
Koonin describes CRISPR-Cas as a system that defends its host against nonself, while
preserving the self. The idea seems rather intuitive: the CRISPR-Cas system would have
evolved to recognize genetically foreign elements, enabling the concerned Bacteria and
Archaea to eliminate phages and other mobile elements while avoiding any attack against its
own genetic material. Given the intuitive character of this concept and the long tradition of
interpreting immune response in terms of self-nonself since at least Burnet, it is not surprising
that this description is dominant in the literature on CRISPR-Cas-based immunity (Barrangou
et al. 2007; Marraffini and Sontheimer 2010; Levy et al. 2015; Nuñez et al. 2015).
Yet, in other organisms, the long-dominant and also very intuitive idea that immune responses
target the nonself has been strongly criticized in the last thirty years or so (Tauber 1994;
Matzinger 1994; Cohen 2000; Pradeu and Carosella 2006). First, many endogenous (self)
components trigger an effector immune response, giving rise to non-pathogenic
autoimmunity. This normal autoimmunity is distinct from the pathological case of
autoimmune diseases. Normal autoimmunity is in fact indispensable for the normal
functioning of the organism. For example, phagocytes such as macrophages ensure the
disposal of dead cells, a phenomenon that occurs at a large scale and is pivotal for tissue
maintenance (Savill and Fadok 2000) as well as autoimmunity avoidance (Gordon and
Plüddemann 2018). More generally, entire circuits and responses of the immune system are
based on self recognition (Hayday 2009; Yu et al. 2015). Second, many exogenous (nonself)
components do not trigger an effector immune response and are actively tolerated by the
host, such as many components of the microbiota (Hooper and Gordon 2001; Donaldson et
al. 2018).
Could the same be true for CRISPR-Cas? In other words, could the CRISPR-Cas system
sometimes target “self” elements, and preserve “nonself” elements? We believe that this is
indeed likely to be so. First, forms of autoimmunity in CRISPR-Cas and in other immune-like
mechanisms in prokaryotes have been described. For example, (Stern et al. 2010) propose
that leaky incorporation of self nucleic acids into CRISPR arrays could explain the self-targeting
of CRISPR found in 59 of 330 (18%) of the CRISPR-encoding organisms. Obviously, this could
lead to a fitness cost for the organism, but this is not what is observed, as in most cases a
degradation of CRISPR activity occurs. Second, forms of “tolerance to nonself” in CRISPR-Cas
systems have been documented. Marraffini’s group has recently shown that type III-A CRISPR
immunity in Staphylococcus epidermidis prevents lytic infection while tolerating
lysogenization by temperate phages (Goldberg et al. 2014). Conditional tolerance is mediated
by transcription-dependent DNA targeting and ensures that targeting is resumed when the
prophage lytic cycle is induced. The same group proposes that CRISPR-Cas systems have been
optimized for selective incorporation of foreign genetic information, enabling a balance
between resistance to pathogens and tolerance to favourable exogenous elements (Goldberg
and Marraffini 2015).
We believe that further evidence of physiological autoimmunity and tolerance to nonself in
CRISPR-Cas systems will probably accumulate in the near future. If true, it will confirm what
has now been demonstrated in a multitude of other immune systems, namely that the
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targeting of the self and the preservation of the nonself are normal, even indispensable,
phenomena1.
3. Is CRISPR-Cas a system of defence?
Our second question is intimately related to the first. One crucial set of circumstances in which
immune responses to the self have been documented is tissue repair (Wynn et al. 2013; Eming
et al. 2017). In addition to the damages inflicted by the invader, a system that "fights" external
threats also causes important damages, hence the need to evolve repair mechanisms,
enabling to maintain the integrity and cohesion of the organism (e.g., (Bouchery and Harris
2017)). More generally, it is increasingly recognized that immune systems are involved in
many physiological activities beyond defence. This includes development and maintenance
activities, such as repair and “housekeeping” mechanisms.
Could this be also true of CRISPR-Cas? The answer seems at least in part to be positive (Hille
et al. 2018). In addition to defence, recent evidence shows that CRISPR-Cas systems modulate
other processes, such as the genetic regulation of group behaviour and virulence, DNA repair,
and genome evolution (Westra et al. 2014). For example, Cas1 of the E. coli type I-E system
interacts with DNA-recombination and DNA-repair enzymes, and deleting cas1 or the
associated CRISPR loci leads to increased sensitivity to DNA-damaging agents as well as
dysfunctional chromosome segregation (Babu et al. 2010).
Remarkably, Koonin’s group was among the first to suggest that CRISPR-Cas could be a repair
system (Makarova et al. 2002). Koonin was later involved in the description of CRISPR-Cas as
a dual system – participating in both defence and repair (Babu et al. 2010), which is exactly
the idea we think adequate, even though Koonin (2018, this issue) suggests that the insistence
on the repair activities of CRISPR-Cas “missed the mark”. The very simple question we raise
here is whether describing CRISPR-Cas systems as systems of defence against nonself tends to
keep hidden its other, equally important, activities.
4. Conclusion
A hundred years of research in immunology oriented towards the idea that immunity is the
defence of the self against the nonself has given rise to a mindset: when novel immune
systems are identified, scientists tend to describe them using this pre-existing conceptual
framework. Nevertheless, in the same way as the immune systems of animals and plants
cannot be solely understood as a form of defence against nonself, it seems to us that this
concept does not give justice to the complexities of the CRISPR-Cas systems in Archaea and
Bacteria either. The activities of CRISPR-Cas systems go well beyond mere defence, and they
do not necessarily target nonself. We suggest that CRISPR-Cas actually detects genetic
anomalies, regardless of their origin (“self” or “nonself”). This approach might not only help
draw important parallels between CRISPR-Cas and other immune systems and eventually build
a unified account of immunity across all forms of life, but also open new avenues for
experimental and conceptual investigations.
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In some cases, including CRISPR-Cas systems, tolerated foreign elements can even be transmitted to the
offspring, allowing adaptations at the level of populations and/or species.
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