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Both eukaryotes and prokaryotes (archaea and bacteria)
encode an arsenal of immune systems that protect the host
against mobile genetic elements (MGEs) including viruses,
plasmids, and transposons. Whereas Argonaute proteins (Agos)
are best known for post-transcriptional gene silencing in
eukaryotes, in all domains of life, members from the highly
diverse Argonaute protein family act as programmable immune
systems. To this end, Agos are programmed with small single-
stranded RNA or DNA guides to detect and silence
complementary MGEs. Across and within the different domains
of life, Agos function in distinct pathways and MGE detection
can trigger various mechanisms that provide immunity. In this
review, we delineate the diverse immune pathways and
underlying mechanisms for both eukaryotic Argonautes (eAgos)
and prokaryotic Argonautes (pAgos).
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Introduction

Members of the Argonaute protein family are encoded in
eukaryotes (eAgos) and prokaryotes (bacteria and
archaea, pAgos) [1]. eAgos form two main phylogenetic
clades that are broadly distributed in various eukaryotic
lineages: the AGO (¢AGO) clade and the PIWI (ePIWI)
clade (Figure 1a). Compared with eAgos, pAgos show
lower sequence and domain conservation [1,2]. Con-
sequentially, pAgos are separated into three heavily
branched main clades (long-A, long-B, and short
pAgos, Figure 1a) [2,3]. Agos from all clades rely on a
conserved general mechanism of action: they use small

(14-35-nucleotide-long) single-stranded (ss) nucleic acid
guides to bind complementary nucleic acid targets
(Figure 1b) [4-13]. Yet, Agos from different clades rely
on distinct types of guides (ssDNA or ssRNA) and guide
biogenesis pathways. Furthermore, they bind different
types of targets, and the outcome of guide-mediated
target binding varies: depending on the specific Ago
involved and/or the complementarity between the guide
and target, the target is cleaved, or auxiliary proteins are
recruited and/or activated [4,6,7,14-19].

eAgos and long pAgos share an architecture with four do-
mains and two ordered linker (L) segments:
N-L1-PAZ-L.2-MID-PIWI (Figure 1) [1,9,12,13,20]. The
middle (MID) and PIWI-Argonaute—Zwille (PAZ) do-
mains form binding pockets for the 5’- and 3’-ends of the
guide, respectively. The P element-induced wimpy testis
(PIWI) domain coordinates most contacts with the guide
and target strands. In certain Agos, the PIWI domain
contains a DEDX catalytic tetrad (where X can be H, D, or
K) [12,19]. These Agos are referred to as ‘catalytically ac-
tive’ or ‘slicing’ Agos, as they are capable of cleaving targets
that are complementary to the guide. In general, eAgos
that lack the DEDX tetrad rely on the recruitment of
auxiliary proteins instead [20,21]. The function of the N-
terminal (N) domain is less well understood and varies in
different Agos. In certain eAgos, the N domain unwinds
RNA duplexes during guide loading [22], while in certain
pAgos, it contributes to guide/target duplex stability [23].
In contrast to eAgos and long pAgos, short pAgos are
comprised of the MID and PIWI domains only, lack a
DEDX tetrad, and generally form complexes with auxiliary
proteins (Figure 1) [2,20].

While Agos are best known for their role in post-tran-
scriptional gene silencing (RNA interference), this pro-
cess has thus far only been observed in eukaryotes. In
contrast, both eAgos and pAgos mediate programmable
immunity against invading mobile genetic elements
(MGEs), including viruses, plasmids, and transposons
[7,16,17,24-28]. In this review, we delinecate how Agos
from distinct phylogenetic clades confer immunity and
discuss differences and similarities in the underlying
mechanisms.

Eukaryotic AGO proteins silence viruses

eAGO-clade eAgos (eAGOs) facilitate post-transcrip-
tional gene silencing of endogenous mRNAs using
microRNA (miRNA) or small interfering RNA (siRNA)
guides (Figure 2) [18,29]. miRNAs are generally
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Phylogeny and general mechanisms of Ago proteins. (A) Schematic representation of the phylogenetic tree and domain composition corresponding to
the main clades of eAgos and pAgos. N: N-terminal domain; L1 and L2: Linker segments 1 and 2; PAZ: PIWI-Argonaute-Zwille domain; MID: Middle
domain; PIWI: P element-induced wimpy testis domain containing the catalytic DEDX tetrad (where X can be H, D, or K) required for target cleavage.
PIWI*: PIWI domain with an incomplete DEDX tetrad. (B) General mechanism of Agos. Agos use a small nucleic acid guide to bind a complementary
nucleic acid target. Depending on the specific Ago and complementarity between the guide and target, guide-mediated target binding results in

recruitment and/or activation of auxiliary proteins (left) or in target cleavage (right). In certain Agos, the 3’-end of the guide is released from the PAZ

domain during cleavage.
Schematic phylogenetic tree adapted from Ref. [20].

transcribed from the genome as long pri-miRNA double-
stranded (ds)RNA hairpins with partial complementarity
[30]. In metazoans (animals), the nuclear RNase III fa-
mily enzyme Drosha processes pri-miRNAs to shorter
pre-miRNAs, which are further processed by the cyto-
solic RNase III family enzyme Dicer. In plants, a single
nuclear Dicer homolog processes miRNAs [31]. Dicer
generates ~22-bp miRNA:miRNA* duplexes with 2-nt
3’-overhangs, of which the miRNA guide strand is
loaded onto eAGO, while the miRNA* passenger strand
is released. e AGO/miRNA-mediated silencing of mRNA
requires only limited guide/target complementarity.
"This allows a single miRNA to silence a wide range of
mRNAs but prevents eAGO-mediated target clea-
vage [30].

siRNA biogenesis also relies on Dicer-mediated dsRNA
processing. However, siRNA precursors are usually (al-
most) fully complementary dsRNAs, and siRNAs are
generally fully complementary to their targets [32]. Con-
sequentially, siRNA-guided mRNA binding facilitates
target cleavage by slicing eAGOs. Nematodes, yeast, in-
sects, plants, and mammals have endogenous siRNA
pathways [33-36]. Besides silencing mRNA, siRNA-
guided eAGOs can silence gene expression in the nucleus
by recruiting proteins that promote heterochromatin

formation [37,38]. In nematodes, yeast, and plants, mRNA
targeting by primary eAGO-siRNA complexes can trigger
generation of secondary siRNAs by the recruitment of an
RNA-dependent RNA polymerase (RARP) [39,40]. RARP
will directly generate siRNAs with a 5’-triphosphate group
(in nematodes) or convert eAGO-targeted mRNA to a
dsRNA product that functions as a substrate for Dicer to
generate secondary siRNAs [29].

Beyond (post-translational) regulation of gene expression,
eAGOs interfere with MGEs, including viruses and
transposable elements in plants [25], nematodes [28], in-
sects [26], and mammals [27]. eAGO-mediated MGE si-
lencing primarily relies on the siRNA pathway.
Transcription and replication of MGEs can give rise to
different types of dsRNAs, including replication inter-
mediates of RNA viruses, bidirectional transcripts, in-
tramolecular paired viral RNA, structured viral RNAs, and
viral dsRNA molecules synthesized by endogenous or
virus-encoded RARP. These viral dsRNAs are degraded by
Dicer [41] or Drosha [42] as a first line of defense, but this
also generates virus-derived siRNAs (vsiRNAs) that guide
eAGOs to repress or degrade viral mRNA transcripts or
RNA genomes [25-27]. Endogenous miRNAs can also be
involved in MGE silencing: certain miRNAs regulate
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General pathways mediated by eAGO-clade eAgos. (A) Endogenous miRNA and siRNA precursors are transcribed from the genome as dsRNA
hairpins or long dsRNAs that are processed by nuclear Drosha*. (B and C) In the cytoplasm, Dicer* generates ~22-bp miRNA (B) or siRNA (C)
duplexes with two-nucleotide 3'-overhangs. These duplexes are loaded onto eAGO and the passenger strand is released. (D) eAGO-miRNA
complexes generally bind mRNA sequences with low complementarity, repress translation, and recruit auxiliary proteins that destabilize the target
mRNA. (E) eAGO-siRNA complexes bind mMRNA sequences with high complementary and cleave the target mRNA. (F) RARP can be recruited to
convert the target MRNA to a dsRNA duplex that can be processed by Dicer, resulting in generation of secondary siRNAs. (G) eAGO-siRNA
complexes can recruit auxiliary proteins to promote heterochromatin formation in the nucleus. (H) After viral entry, virus-derived dsRNA molecules
feed into the siRNA pathway resulting in the generation of vsiRNAs, which facilitate silencing of viral RNAs. Viruses encode VSRs that inhibit distinct
steps of the siRNA pathway. *: In plants, miRNA processing is carried out by a single nuclear Dicer. **: RdRP-mediated generation of secondary
siRNAs has been reported in nematodes, yeast, and plants. Please note that also RNA viruses encode RdRP for replication, which can be a source of
dsRNA substrates for Dicer.
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4 Evolution of anti-viral defense

mRNA levels to promote antiviral responses, while other
miRNAs directly target viral RNAs [27].

Eukaryotic PIWI proteins silence transposons
ePIWI-clade eAgos (ePIWIs) are best known for trans-
poson silencing in animal germline cells (Figure 3) [43].
ePIWIs are guided by PIWI-interacting RNAs
(piRNAs), which are generated from long ssRNA pre-
cursors in the cytoplasm in a Dicer-independent process.
piRNA precursors include piRNA cluster transcripts
[44,45], mRNA 3’-untranslated regions (UTRs), and
noncanonical transcripts from heterochromatin-silenced
transposons [46]. Initiation of piRNA maturation pri-
marily relies on maternally inherited piRNAs. New
piRNAs are generated through a self-amplifying process
termed ping-pong [45]: initiator piIRNAs guide ePIWI to
cleave complementary precursor piRNAs to generate
pre—pre-piRNAs. The 5-end of these pre—pre-piRNAs
are loaded into new ePIWIs while the 3’-end is cleaved
by auxiliary nucleases (e.g. Zucchini in flies). The re-
sulting responder pre-piRNAs are trimmed and 2’'-O-
methylated to form mature responder piRNAs. In turn,
responder piRNAs guide ePIWIs to create new initiator
piRNAs, comwait it pleting the ping-pong pathway [46].
In parallel, phased piRNA biogenesis takes place: the
product of the cleaved pre—pre-piRNA can be loaded
into ePIWIs and cleaved sequentially, resulting in the
generation of trailing piRNAs from a single piRNA
precursor [47].

ePIWIs silence transposons by transcript cleavage [48] or
through the recruitment of auxiliary proteins that pro-
mote heterochromatin formation in the nucleus [48-50].
While the formed heterochromatin blocks canonical
transposon transcription, it induces noncanonical tran-
scription that results in the generation of additional
piRNA precursors. In specific mosquitoes and Lepi-
doptera species, also virus-derived piRNAs (vpiRNAs)
are generated and antiviral activity of ePIWI proteins is
observed [51,52]. Yet, the mechanisms underlying anti-
viral ePIWI activity remain to be determined. Beyond
silencing transposons and viruses, ePIWIs can also si-
lence gene expression through mRNA cleavage [53] or
recruitment of factors for deadenylation [54], and can
increase translation by stimulating mRNA polyadenyla-
tion or translation activation [55,56].

Long prokaryotic Argonautes interfere with
plasmid and bacteriophage DNA

Proteins typically involved in eukaryotic RNA silencing
pathways (e.g. Drosha, Dicer, and RdRP) are absent in
prokaryotes. Instead of regulating gene expression,
emerging insights show that pAgos from all clades in-
terfere with invading plasmid and bacteriophage DNA
in a guide-dependent manner [6-8,14-17,24,57]. The

mechanisms underlying anti-MGE activities vary for
pAgos from distinct phylogenetic clades.

Most long-A pAgos have a complete DEDX catalytic
tetrad, while all long-B pAgos are catalytically inactive.
Long-A pAgos have been broadly characterized iz vitro
and can use ssDNA and/or ssRNA guides to cleave
ssDNA and/or ssRNA rtargets [23,24,58-64]. While in
vivo characterization of long-A pAgos is limited to a
handful of studies, they show long-A pAgos mediate
small-interfering (si)DNA-guided DNA cleavage to in-
terfere with plasmid DNA transformation and propaga-
tion [7,16,17] as well as with bacteriophage infection and
proliferation [17,65]. Interestingly, the catalytic activity
of long-A pAgos is not essential to provide protection
against MGEs [17]. This suggests that, similar to
eAGOS, pAgos can silence MGEs by guide-mediated
target binding, possibly by silencing transcription/re-
plication and/or by recruiting host-encoded auxiliary
proteins.

How siDNAs are generated and loaded onto pAgos, and
how pAgos distinguish self (genomic DNA) from nonself
(invader DNA) remains poorly understood. Some pAgos
can ‘chop’ dsDNA substrates in a guide-independent
manner, albeit with low efficiency, to generate small
dsDNA fragments that can be loaded onto pAgos akin to
miRNA/miRNA* or siRNA duplexes in e¢AGO
[7,24,57,66]. While long-A pAgos preferentially acquire
siDNAs targeting invader DNA, they also load siDNAs
targeting the host genome [7,17,65,67]. siDNAs asso-
ciated with catalytically inactive pAgos no longer pre-
ferentially contain sequences from invader DNA [17].
This suggests that chopping might contribute to the
generation of invader-targeting siDNAs. The host DNA
repair machinery (RecBCD or AddAB) also contributes
to the generation of siDNAs from Chi sites at dsDNA
breaks and genomic replication termination (Ter) sites
[17,68,69]. Finally, akin to the piRNA ping-pong
pathway, pAgos might use initiator siDNAs to cleave
DNA targets, after which the generated 5'-end can be
loaded as a responder siDNA [70].

From the long-B pAgo clade, only Rhodobacter sphaeroides
pAgo (RsAgo) has been functionally characterized [8]. In
contrast to long-A pAgos, RsAgo uses guide RNAs to in-
terfere with invading DNA. Although it is catalytically
inactive, RsAgo silences plasmid-encoded gene expression
and induces plasmid degradation, possibly by recruiting
auxiliary nucleases. RsAgo-associated guide RNA se-
quence abundance correlates with the abundance of cel-
lular mRNAs, suggesting it randomly samples the RNA
degradome for guide RNAs. Yet, DNA targets associated
with RsAgo—-RNA complexes are enriched in invader se-
quences, which suggests that it preferentially targets ex-
trachromosomal DNA sequences [8].
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Figure 3
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General pathways mediated by ePIWI-clade eAgos. (A) piRNA precursors are transcribed from ss piRNA clusters, from heterochromatin-induced
noncanonical transcription of ds piRNA clusters, or are derived from the 3’-untranslated region (UTR) of mRNAs. (B) Maternally inherited ePIWI-piRNA
complexes initiate piRNA processing in the cytoplasm by targeting piRNA precursors. (C) piRNA generation in the ping-pong cycle starts by ePIWI-
mediated cleavage of a piRNA precursor. Generated pre—pre-piRNAs are loaded onto another ePIWI and further processed by a nuclease (*: Zucchini
in flies). Pre-piRNAs are 3’-end-trimmed and methylated, resulting in the generation of responder ePIWI-piRNA complexes, which also target piRNA
precursors completing the ping-pong cycle. (D) In the phased piRNA biogenesis pathway, trailing piRNAs are generated from a cleaved pre—pre-
piRNA. (E) Cytoplasmic ePIWIs bound to piRNAs or virus-derived piRNAs (vpiRNAs) cleaves or silences endogenous mRNA transcripts, transposon
transcripts, and viral RNAs. Certain ePIWI-piRNA complexes can recruit auxiliary proteins to increase translation. (F) Nuclear ePIWI-piRNA complexes
target transcripts and induce heterochromatin formation in adjacent DNA.

It should be noted that the mechanistic and functional regularly coencoded in operons with putative enzymes,

diversity of long pAgos is much larger than the handful
of long pAgos that are currently characterized iz vive: in
vitro, some long-A pAgos are guided by RNAs
[23,58,59,62] or mediate DNA-guided RNA targeting
[58,60,61]. Furthermore, long-A and long-B pAgos are

which suggests they are functionally linked [1,2]. Fi-
nally, long-A pAgos that are known to interfere with
MGEs have also been implicated in functions beyond
immunity, including DNA replication [69,71] and DNA
repair [17,72,73]. Therefore, insights obtained about
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Figure 4
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General pathways mediated by long-A, long-B, and (pseudo-)short pAgos. (A) Invading DNA enters the cell by conjugation, (natural) transformation, or
bacteriophage infection and propagates in the cell. (B) In the long-A pAgo pathway, siDNA guides are generated in a poorly understood process by the
host DNA repair machinery and/or pAgo chopping activity. Long-A pAgo-siDNA complexes bind unwound dsDNA targets and cleave the strand
complementary to the siDNA, inhibiting invader propagation. (C) Long-B and (pseudo-)short pAgos are guided by ssRNA guides generated from
mRNA transcripts. (D) Long-B pAgo-mediated binding of unwound dsDNA targets results in translational repression and recruitment of auxiliary
nucleases that degrade the target. (E) Short pAgos form heterodimeric complexes with associated X-APAZ proteins and mediate RNA-guided binding
of unwound dsDNA targets. This results in catalytic activation of the ‘X’ domain. In SPARTA and SPARSA systems, ‘X’ is a TIR or SIR2 NADase
domain, respectively, and activation results in NAD(P)* depletion causing cell death. (F) Pseudoshort pAgos form a heterodimeric complex with Aga1.
Upon detection of invader DNA, Aga2 is activated, which results in membrane depolarization and triggers cell death.

specific long pAgos cannot freely be extended to other
pAgos even if they reside in the same phylogenetic
clade (Figure 4).

Short prokaryotic Argonautes induce abortive
infection

Short pAgos are defined by the presence of the MID and
PIWI domain, absence of the N and PAZ domains, L1
and L2 L segments, and the lack of the DEDX tetrad in
the PIWI domain [1-3,20]. Short pAgos are fused to or
encoded in the same operon as an ‘X’-APAZ (analog of
PAZ) domain [2,3], where ‘X’ can be a Toll/interleukin-1
receptor (TIR)-like, SIR2, DUF4365, Mirr, or one of
various other domains (Figure 1a) [1-3,20]. Short pAgos
that associate with (TIR)-APAZ (SPARTA systems) or

SIR2-APAZ (SPARSA systems) form heterodimeric
complexes that facilitate guide RNA-mediated detection
of invading plasmid and/or bacteriophage DNA
[6,14,74]. Upon target binding by short pAgos, NAD(P)
ase activity of the TIR or SIR2 domains is unleashed,
resulting in lower cell fitness and cell death through
NAD* depletion [6,14]. Other short pAgos associate with
Mrr—APAZ proteins that act as random nucleases [59].
However, it is unknown if and how these and other
types of short pAgos confer immunity to MGEs. The
mechanisms by which short pAgo RNA guides are
generated are not fully understood. Similar to long-B
RsAgo [8], SPARTA randomly samples the tran-
scriptome for guide RNAs [6]. In contrast, SPARSA-as-
sociated guide RNAs are enriched in 5'-AU sequences

Current Opinion in Microbiology 2023, 74:102313
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expressed from genome-encoded genes and, to a lesser
extent, from plasmid-encoded origin of replication (077)
regions [14].

Truncated pAgos comprising only the MID and PIWI
domain can also be found within the long-A and long-B
clades [20]. As these pAgos do not phylogenetically
cluster with short pAgos and do not co-occur with X-
APAZ, they are referred to as pseudoshort pAgos [20].
The pseudoshort pAgo from Sulfolobus islandicus (SiAgo)
and its homologs forms a phylogenetic clade that is
distinct from long and short pAgos [20] (Figure 1a).
SiAgo does not associate with X-APAZ but is encoded in
an operon with two other proteins, Agal and Aga2 [15].
SiAgo and Agal form a heterodimeric complex that i»
vitro preferentially interacts with RNA guides. Although
it is unknown what guide/target combinations activate
the SiAgo system, upon phage infection, SiAgo-Agal
forms a complex with the transmembrane effector Aga2.
This results in membrane depolarization by Aga2 and
consequentially cell death, preventing viral prolifera-
tion [15].

Unlike eAgos and long pAgos that directly target MGEs
or MGE-encoded transcripts, (pseudo-)short pAgos and
their associated proteins function as abortive infection
systems: upon sequence-specific detection of MGEs by
short pAgos, the associated effector proteins get acti-
vated and kill their host. This limits the propagation of
the MGEs, and as such, (pseudo-)short pAgos provide
population-based immunity [6,14,15,20].

Discussion

Argonautes interfere with mobile genetic elements
Given the wide conservation of Ago-mediated immunity
in all domains of life, we propose that the primordial
function of Agos is to protect the host against invading
MGEs. While both eAgos and pAgos interfere with
viruses, it is not clear whether pAgos also interfere with
transposable elements. As such, elements can be present
in multiple copies in the cell and can have extra-
chromosomal life phases, they are eligible pAgo targets.
Indeed, some long-A and long-B pAgo-associated guides
are enriched in sequences targeting transposons [8,12].
However, in a long-A pAgo knockout, transposase ex-
pression is not increased [75]. Furthermore, in se-
quenced genomes encoding pAgos, there is no evidence
of decreased transposon presence [2,75].

Origin of guides and distinguishing self from nonself

In eukaryotes, specific guide biogenesis pathways and
dedicated proteins that generate and load functional
guides have evolved. In contrast, no dedicated guide-
generating pathway or protein has been identified in
prokaryotes. DNA-guided pAgos rely on ‘chopping’ ac-
tivity of the pAgo itself [17,24,57,66] or on activity of the

host DNA repair machinery [17,69,71,73,76], while
RNA-guided pAgos appear to randomly sample the
RNA degradome for guides [6,8]. It should be noted,
however, that these guides are often purified from pAgos
(over)expressed in heterologous hosts (with some ex-
ceptions [66,68]). Such analyses might not accurately
represent the guides that would associate with pAgos
under native expression levels in their natural hosts.
However, without exception, pAgos are loaded with self-
targeting guides. In the absence of a dedicated guide-
generation pathway, it remains unclear how pAgos
achieve MGE interference without targeting the
genome and becoming a toxic burden to the host. It has
been described that archaeal genomic DNA is protected
from chopping by pAgo by histones [57], but it remains
to be determined if this mechanism is conserved in other
prokaryotes.

Inhibition of Argonaute-mediated immunity

To escape eAGO-mediated immunity, viruses infecting
plants [25], insects [26], and mammals [27] encode viral
suppressors of RNA interference (VSRs, FFigure 2). VSRs
have evolved independently and act during distinct
stages of eAGO-mediated immunity: inhibition strate-
gies include masking or degradation of dsRNA to pre-
vent vsiRNA generation, binding to vsiRNAs to prevent
loading onto eAGOQO, inhibition of DICER or ¢eAGO ac-
tivity, triggering eAGO degradation, inhibiting RARP-
mediated generation of secondary vsiRNAs, and inhibi-
tion of AGO-mediated DNA methylation. In turn, plants
and insects evolved mechanisms to counter VSR sup-
pression [25,26]. Finally, certain viruses encode miRNA
to counteract antiviral immunity and promote virus re-
plication [77].

The coevolution of prokaryotes and their viruses also
resulted in the emergence of viral anti-immune system
proteins (e.g. anti-CRISPR (Acr) [78]). Yet, no pAgo
inhibitors have been identified to date, and it is un-
known if eAGO-targeting VSRs also inhibit pAgo ac-
tivity. If future studies uncover pAgo inhibitors, it would
be interesting to learn if they are homologous to VSRs.
As Acrs can be used to regulate the activity of CRISPR-
based tools [78], pAgo inhibitors might allow to regulate
activity of pAgo-based tools [79].

Argonaute functions beyond immunity

Beyond their function in immunity, eAgos have evolved
to become key components of complex pathways that
regulate endogenous gene expression both before and
after transcription. While it has previously been pro-
posed that the last eukaryotic common ancestor encoded
both ePIWI and eAGO-clade eAgos [80,81], to date, no
pAgo-mediated RNA-guided RNA silencing has been
described i vivo. As pAgos closely related to eAgos
mediate DNA-guided DNA cleavage, the exact origin of
RNA silencing pathways remains elusive. Nevertheless,
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pAgos generally do associate with ssDNA or ssRNA
guides targeting native genes [7,17,65,67]. However,
self-targeting guides do not appear to affect cell growth
[68], but might play a role in DNA replication [69,71]
and repair [17]. A recently identified clade of DNA-
guided long-A pAgos strictly targets RNA [60,61], sug-
gesting that also pAgos silence genes post transcription.
On the eAgo side, direct interactions with DNA might
be an underexposed aspect: hAgo2 and yeast K/uyver-
omyces polysporus eAgo catalyze ssDNA-guided RNA-
cleavage activity iz vitro [82-84], but eAgo-DNA inter-
actions are otherwise hardly studied. Much is still to be
discovered to fully understand the different function and
mechanisms of the highly diverse Agos protein family.
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