
Contents lists available at ScienceDirect

Toxicon: X

journal homepage: www.journals.elsevier.com/toxicon-x

Can we resolve the taxonomic bias in spider venom research?
Volker Herziga,∗, Glenn F. Kinga, Eivind A.B. Undheimb,∗∗

a Institute for Molecular Bioscience, The University of Queensland, St. Lucia, QLD 4072, Australia
b Centre for Advanced Imaging, The University of Queensland, St. Lucia, QLD 4072, Australia

A R T I C L E I N F O

Keywords:
Spider
Venom
Peptide
Diversity
Taxonomic
Transcriptomics
Proteomics

A B S T R A C T

The rate of discovery of new spider species greatly exceeds the rate of spider venom characterisation, leading to
an increasing number of species with unstudied venoms. However, recent advances in proteomics and genomics
that enable the study of venoms from smaller species has expanded the accessible taxonomic range. Thus, al-
though the number of unstudied spider venoms is likely to further increase, future research should focus on the
characterisation of venoms and toxins from previously unstudied spider families.

Spiders are among the most diverse and speciose venomous animals
(King and Hardy, 2013). There are currently 47,807 recognised extant
species divided into 118 families (World Spider Catalog, 2018), with
the number of described species increasing at an average rate of ∼800/
year (based on the last 10 years recorded in the World Spider Catalog).
Spiders are classified into two suborders (King, 2004): Mesothelae,
comprised of a single family, and Opisthothelae, which contains the
remaining 117 families. The Opisthothelae are further divided into the
infraorders Mygalomorphae (20 families) and Araneomorphae (97 fa-
milies), with the latter infraorder containing 93.5% of all extant species
(Garrison et al., 2016).

Unfortunately, the incredible taxonomic diversity of spiders is
poorly reflected in research on spider venoms. As of October 29, 2018,
the databases ArachnoServer, a publicly available database on spider-
venom proteins and peptides (Pineda et al., 2018), and VenomZone
(https://venomzone.expasy.org/), containing all the manually curated
UniProtKB/Swiss-Prot entries, together contained data on 1946 toxins
from only 28 of the 118 extant spider families. Nothing is known about
toxins from the remaining 90 taxonomic families (Fig. 1A). At the
species level, the statistics are even more dire, with those databases
containing toxins from 61 mygalomorph and 66 araneomorph species,
representing only 2.0% and 0.1% of all extant species from these in-
fraorders, respectively (Fig. 1B). Overall, only 0.3% of all extant spider
species are represented in those databases. Thus, we have barely
scratched the tip of the iceberg of spider-venom peptide diversity.

There are several reasons behind this taxonomic bias. The most
important is the size of the spiders, which is a major factor in

determining venom yield (Herzig, 2010). Venom research is tradition-
ally pharmacology-driven, with toxin discovery often based on bioac-
tivity screening of crude or fractionated venoms. This is a sample-costly
approach that typically requires hundreds of micrograms to several
milligrams of venom. Unfortunately, most spiders are too small for the
commonly used method of venom extraction via mild electrical sti-
mulation of the chelicerae, which contracts the muscles surrounding the
venom gland and causes secretion of the venom (Herzig and Hodgson,
2008). An alternative method is the dissection of the venom glands with
subsequent extraction of venom (Rash et al., 2000) (which in case of
small spiders requires many specimens to obtain sufficient venom
yields).

The generally larger size of mygalomorph spiders thus explains why
a larger percentage of described toxins are from mygalomorph species.
Spiders from the family Theraphosidae (commonly referred to as tar-
antulas) are known to provide large venom yields and therefore, not
surprisingly, they represent 34.6% of all spider species with toxins
listed in the ArachnoServer and VenomZone databases. Based on a
dataset of 1067 theraphosids from>300 species that were milked by
one of the authors (V.H.), their median venom yield increases with
increasing size of the spider (Fig. 1C), reaching 5.3 mg in the largest
specimens with>30 mm prosoma length (used as an indication of the
size class, for details see (Herzig, 2010)). The top three venom yielding
spiders (all females) were: Acanthoscurria geniculata (28.4 mg), Poeci-
lotheria metallica (27.2 mg), and Lasiodora cf klugi (22.9 mg). Needless
to say, comparable venom yields are not obtainable from the vast ma-
jority of spider species.
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A sequence-driven approach to peptide-toxin discovery (Mobli
et al., 2017) obviates the problem of venom availability. This approach
makes use of bioinformatics to mine the increasing amount of publicly
available sequence data that has resulted from the exponential reduc-
tion in cost of DNA sequencing over the past decade (Fig. 2). Using a
combination of bioinformatics tools and existing functional annotations
of known toxins, peptides with potentially interesting or novel phar-
macologies can be identified and subsequently produced for functional
testing using recombinant technology (Klint et al., 2013). The reduction
in sequencing costs, combined with reduced sample requirements, have
also increased the scope and number of phylogenomic studies, and this
has resulted in a greatly improved taxonomic diversity of publicly
available spider whole-body transcriptomic datasets (Fernandez et al.,
2018). The Sequence Read Archive (NCBI) currently contains 491
spider transcriptome biosamples (440 with>1000 MBases) from 278
species (251 species > 1000 MBases). Although these data represent a
substantial resource for taxonomically unbiased exploration of spider
toxins, accurate annotation of venom components is a non-trivial task,
even in venom-gland specific transcriptome data (Smith and Undheim,
2018). Fortunately, continuing increases in the sensitivity and resolu-
tion of mass spectrometers (Robinson et al., 2017) has made it in-
creasingly affordable and experimentally feasible to study venom from
species that were traditionally considered inaccessible.

Other reasons for taxonomic bias in spider-venom research include
the availability and proper identification of spiders. Spider diversity
and size increase with increasing ambient temperature, and therefore
toxinologists working in colder climates may be disadvantaged in terms
of finding local species large enough for venom extraction.
Alternatively, sourcing spiders from other (warmer) countries usually
involves the application of permits for collection, export and import,
which can be time-consuming. This might explain why most spider
venom research is performed in regions with a warmer climate (usually
the tropics or subtropics). In regions with a more temperate climate,
some researchers use spiders sourced from foreign countries (Kuhn-
Nentwig et al., 2004). In Europe and the USA, there is a large and still
growing sector of private enthusiasts that keep arachnids as pets
(Hauke and Herzig, 2017), and most species available via the pet trade
are sourced from tropical or subtropical regions.

Regardless of where spiders are sourced, proper identification of the
specimen remains a major challenge for most toxinologists.
Toxinologists are usually not experts in spider taxonomy, so the help of
an expert arachnologist is often essential in order to properly identify

spiders prior to publication. Unfortunately, spider taxonomists are rare
and the time-scale for taxonomic projects does not align well with the
more rapid progression of toxinology projects. Insufficient or incorrect
identification of spiders used for research makes it difficult for other
researchers to confirm the results. Correct identification is especially
important for studies that use toxin sequences in a phylogenetic context
to understand the taxonomic relationship between spiders. On the other
hand, studies focused on the pharmacological effects of venom toxins
might be less affected by incorrect specimen identification, as toxins
can be produced recombinantly or by chemical synthesis, making the
outcomes independent of the source specimen. Nevertheless, it might
be useful (wherever possible) to deposit a voucher specimen of spiders
used for toxinological research in museum collections to enable later
access by research colleagues in cases where the spider identification
has led to questionable outcomes.

Fortunately, molecular approaches provide a potential solution to
also this issue, for example through identifying morphologically similar
or cryptic species by DNA barcoding (Astrin et al., 2016). DNA bar-
coding also provides an easily accessible taxonomic reference for sub-
sequent studies, which is particularly useful following taxonomic revi-
sions that lead to the splitting of species. Additionally, recent
improvements in the sensitivity of analytical techniques means that
there is a reduced requirement for pooling specimens, which has the
potential for inadvertent inclusion of multiple cryptic species.

Given the advanced proteomic and transcriptomic techniques that
we already have available, we suggest that a stronger focus of future
efforts in the field should be directed towards studying venoms from
spider families (or subfamilies), from which no toxins have been de-
scribed. This will at least help to reduce the current taxonomic bias in
spider venom research at a family level. Examples of entire spider fa-
milies for which the first transcriptome-derived toxin sequences were
recently added to ArachnoServer include Barychelidae (Trittame loki;
Undheim et al., 2013)), Miturgidae (Cheiracanthium punctorium;
Vassilevski et al., 2010) Pisauridae (Dolomedes mizhoanus; Jiang et al.,
2013), Scytodidae (Scytodes thoracica; Zobel-Thropp et al., 2014) and
Zodariidae (Lachesana tarabaevi; Kozlov et al., 2006). In contrast,
taxonomic bias at the species level is unlikely to be resolved in the
foreseeable future due to the rate at which new species are discovered.
With an annual increase in newly described spider species of ∼800/
year (World Spider Catalog, 2018), the taxonomic bias at the species
level will likely get even worse. Given that the number of extant species
may be as high as 170,000 (Coddington and Levi, 1991), it is unlikely

Fig. 1. Taxonomic representation of described spider-venom peptides across all spider families (A) and species (B). The total percentage of known toxins based on
venom peptides in the ArachnoServer and VenomZone databases from the respective taxonomic level is also indicated. For better visibility, in panel B the percentage
of species covered by these databases is represented by the tiny section that has been taken out of the circle of all the 99.8% of species with no known peptide toxins.
These figures also include the family Uloboridae with 283 species (0.6%), which do not have venom. (C) Venom yields from 1067 theraphosid spiders divided into six
size classes based on prosoma length (cumulative data obtained by V.H. over an 8-year period). The box-and-whisker plots indicate the median venom yield (line
inside box), the 25th and the 75th percentile (bottom and top of box) as well as the 5th and 95th percentile (the whiskers). The number of analysed milkings per size
class is indicated on top of each box.
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that the toxinology field will be able to keep pace with the growth in
recognised spider diversity. Therefore, closing the taxonomic gap at the
family level over the next decade should be the main focus of the field
in order to provide us with a better understanding of the evolution of
spider venoms as well as an abundance of new spider-venom peptides

with novel structures (Undheim et al., 2015) and potential applications
as drugs, insecticides, or molecular tools (King, 2011; King and Hardy,
2013; Saez and Herzig, 2019).
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