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of three β-stranded loops, crosslinked by four disulfide bridges.
This forms the “three-finger” arrangement, appearing like three
fingers of a hand. Three-finger toxins are non-enzymatic, small
proteins consisting of 60–85 amino acid residues, and occur
either as monomers, which is most common, or as dimers (Kini
and Doley, 2010).

Elapid venoms are the most well-known sources of 3FTxs
(Fry et al., 2003b), but 3FTxs have been documented in the
venoms of many RFS species (Fry et al., 2003a, 2008; Pawlak
et al., 2006, 2009; Heyborne and Mackessy, 2013; Junqueira-de-
Azevedo et al., 2016) and can make up large portions of these
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venom components. These non-enzymatic proteins all share a
conserved 16 cysteine residue pattern, forming eight disulfide
bonds (Mackessy and Heyborne, 2010). CRiSPs lack proteolytic,
hemorrhage and coagulant activity (Lodovicho et al., 2017). The
few snake venom CRiSPs that have been characterized have been
found to inhibit various ion channels (Nobile et al., 1996; Brown
et al., 1999; Yamazaki et al., 2002; Wang et al., 2006) or induce
inflammation, activating the complement system (Lodovicho
et al., 2017).

CRiSPs occur in a wide range of RFS venoms (Hill and
Mackessy, 2000; Peichoto et al., 2012), and are likely at least
present at the transcript level for all species (Junqueira-de-
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non-toxin genes as venom proteins can lead to confounding
evolutionary analyses. Expression of genes belonging to venom
toxins is higher in venom gland tissues in comparison to other
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commonly used struggle to assemble toxin genes because of
the multitude of similar isoforms and high expression levels of
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in terms of the biological roles of individual venom proteins, such
as how toxicity and prey specificity can develop.

Venoms from rear-fanged snakes showmany parallels to those
of FFS, but one area that has yet to be explored is the level
of venom variation within a single RFS species. The venom of
B. irregularis has been found to exhibit ontogenetic variation
related to diet, and venoms from different populations (Indonesia
vs. Guam) show demonstrably different toxin compositions
(Mackessy et al., 2006; Pla et al., 2017a). Conversely, individuals
from the same populations of B. portoricensis and A. prasina
showed very little venom variation (Modahl et al., 2018a), but
population-level variation in venom composition is currently
unknown for RFS. Variation in rear-fanged snake venoms
deserves more attention, as it can help to uncover the
mechanisms behind commonly observed venom variation, which
has been an area of controversy. Studies are also still lacking at
the level of posttranslational modifications of venom proteins,
for most venomous snakes, and how this contributes to overall
venom diversity.

Another neglected area of research is the interactive or
synergistic potential of toxins. Because studying purified toxins

usually requires a reductionist approach, few studies have
attempted to evaluate interactions between toxins. Dimeric
toxins, such as sulditoxin and irditoxin, consist of two dissimilar
3FTxs, but the importance of dimeric associations to specific
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