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EDITORIAL
Meet the Parasites: genetic approaches uncover new insights in parasitology

With the continual refinement and development of new molecular approaches, the last few years have
witnessed a dramatic increase in the number of parasitological studies using genetics to answer ecological
questions. Particularly, the advent of full genome sequencing holds promise to “decode all life™, offering
new potential to not only understand, but cure diseases (Butler, 2010). With the over-abundance of
information and the comparable rapidity that these approaches can provide data, ecologists must be more
careful than ever to select tools that suit their objectives and provide the resolution to their data that best fits
their question, not simply the most attractive option. In this vein, Weinberg (2010) acknowledges that the
molecular revolution has allowed a new mentality of “discover now and explain later” to invade research,
and this has placed hypothesis-driven research under threat. However, regardless of potential setbacks that
molecular approaches have introduced into basic research, their contributions to the progression of science
are unquestionably more numerous and far reaching. Here, we discuss six areas where molecular approaches
are useful to ecological parasitologists.

1. Increase the Resolution of Parasite Identification

Perhaps most obviously, molecular approaches allow researchers to sub-type parasites and identify cryptic
taxa. These approaches are extremely valuable when morphological features traditionally used to identify
parasite taxa are limited, as is often the case. DNA-based approaches allow for a direct evaluation of an
organism’s genome, irrespective of environment or ontogeny, and provide absolute rather than relative data
(McManus & Bowles, 1996). This is particularly important in parasites, where morphologically
distinguishable life stages, such as adults, may be unavailable to researchers, such as when hosts are
endangered or otherwise protected from invasive sampling (Criscione et al., 2005). Molecular approaches
are also useful in uncovering cryptic parasite diversity - for example, ribosomal DNA sequencing to identify
that human and pig whipworm infections were caused by separate species (Cutillas et al., 2009), or
mitochondrial DNA sequencing to uncover multiple cryptic avian malaria parasites (Bensch et al., 2004).

2. Discover New Parasites

The recent advent of next generation high-throughput sequencing platforms has revolutionized the way
scientists discover pathogens. Previous technology, such as degenerate PCR, immunoscreening of cDNA
libraries, and microarrays (Wang et al., 2003) provide opportunity to identify new pathogens from existing
families. More recently, panmicrobial oligonucleotide arrays (Greenechips) use oligonucleotides affixed to a
glass slide that represent a diversity of vertebrate pathogens, including viruses, bacteria, fungi, and
helminths, to specifically identify pathogens genetically similar to those on the chip (Palacios et al., 2007).
While still appropriate in many instances, these technologies are still limited by availability of information —
novel, highly divergent, or low parasitaemia/titre pathogens stand little chance of discovery (Kreuze et al.,
2009). Massively parallel approaches circumvent this problem, and have been successful in uncovering and
cataloging the diversity (Liu et al., 2009; Manske et al., 2012), divergence (Lauck et al., 2011), and
evolution of pathogens (Qi et al., 2009).

3. Infer Parasite Transmission

Molecular approaches may also be used to infer how parasites are transmitted, either within or between host
species. Within host species, molecular approaches can be used to elucidate how a parasite’s biology may
affect its transmission (Mackinnon & Read, 1999) or how parasite strains are transmitted in a host population
(Anderson et al., 1995). Interestingly, genetics have also been used to identify transmission heterogeneities
or susceptible demographics in a host species. For example, using microsatellites and random amplified
polymorphic DNA (RAPD), Prugnolle et al. (2002) discovered sex-specific genetic structuring of
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Schistosoma mansoni, with less genetic differentiation in male hosts than in female hosts. Between host
species, direct PCR and sequencing and RAPD, respectively, have been used to identify cross-species
transmission of avian blood parasites (Waldenstrém et al., 2002) and primate nodular worms (de Gruijter et
al., 2004) in complex communities where host specificity was not possible to determine through
morphological comparison. Further, with several influential publications suggesting that the number of
emerging infectious diseases have rapidly increased in recent times (Daszak et al., 2000; Jones et al., 2008),
and that many, such as HIV-1 (Gao et al., 1999) and HIV-2 (Gao et al., 1992; Wertheim & Worobey,
2009b), influenza (Subbarao et al., 1998; Webster et al., 2006), and Ebola (Leroy et al., 2009) are caused by
zoonotic pathogens (i.e., pathogens transmissible from wildlife to humans), researchers have turned to
molecular approaches to uncover transmission events from wildlife to humans. For example, Wolfe et al.
(2004) demonstrated that bushmeat hunters in direct contact with wild non-human primate body fluids were
infected with simian foamy viruses arising from three different non-human primate species, which suggests
that human contact with wildlife has allowed these retroviruses to actively cross into human populations.

Finally, a re-emerging discipline, spatial epidemiology, considers how transmission is affected by space
(Ostfeld et al., 2005). In considering landscape, this discipline can track the movement of hosts and parasites
over different spatial scales, and therefore identify where and why parasites move across heterogeneous
environments. Research in this field has effectively identified barriers to the transmission of infectious
diseases, and can be used to predict the evolution and spread of pathogens, as well as the susceptibility of
interconnected host populations (Archie et al., 2009; Smith et al., 2002). While the addition of genetics to
spatial epidemiology has been rare to date, it has allowed researchers to resolve the mechanisms behind
adaptive differentiation and parasite evolution in the context of a landscape. For example, Biek et al. (2007)
used genetic approaches to reconstruct the spatial and demographic spread of rabies virus following its
introduction into a susceptible population.

4. Identify Disease Origins

Not only can molecular approaches be used to understand the phylogenetic relationships among extant
parasites, but they can be used to infer their origins. The origins of some of the world’s most serious
infectious diseases have now been determined, such as HIV-1 (Gao et al.,, 1999) and Plasmodium
falciparum. In the case of the latter, Liu et al. (2010) collected feces from chimpanzees (Pan troglodytes),
western gorillas (Gorilla gorilla), eastern gorillas (Gorilla beringei), and bonobos (Pan paniscus) to isolate
Plasmodium and identify the origins of the most pathogenic form of human malaria, P. falciparum. Their
results show that P. falciparum is nearly identical to isolates from western gorillas and that these species
form a monophyletic group. This suggests that human P. falciparum likely arose via a single jump from
western gorillas to humans. This example not only provides evidence for how one may use molecular
approaches to identify the origins of parasites, but also highlights how the continual improvement of
molecular methods, such as from conventional (bulk) PCR (Escalante et al., 1995; Rich et al., 2009), to
single genome amplification (which dilutes template DNA to avoid the generation of recombinants during
PCR), may not only increase resolution, but change the interpretation of results. Finally, genetic information
can also be used to determine time since divergence and rate of evolution of a given parasite. For example,
Wertheim & Worobey (2009) used a Bayesian relaxed molecular clock to date the ages of the SIV lineages
that gave rise to HIV-1 and 2. Results suggest that the SIV lineage is surprisingly young for a retrovirus, and
that the HIV-1 group M and N share a most recent common ancestor with SIVcpz, its progenitor, in 1853
and 1921 — a useful estimate of when this virus may have jumped into human populations.

5. Understand Virulence

The majority of laboratory-based studies in parasitology attempt to understand parasite virulence. Genetic
approaches that elucidate variations in parasite strain (Mackinnon & Read, 1999) and host immunological
factors (Merrick et al., 2012) are both essential to understanding parasite virulence, and have been
instrumental in the success of this burgeoning field (Pedersen & Babayan, 2011). Recently, studies of co-
infection, which examine the result of multiple parasites invading a single host and the corresponding
immunological response, have garnered interest. One of the first to examine co-infection in populations of
wild animals was Ezenwa et al. (2010), who demonstrated that helminth infection in African buffalo
(Syncerus caffer) facilitates tuberculosis infection by supressing the microparasitic Th1 response.
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6. Elucidate Host Ecology

While many researchers have used host ecology (e.g., behaviour, habitat use, foraging strategy) to explain
parasite genetic diversity, we can also use parasite genetic diversity to explain host ecology. Mackenzie
(2002) reviews how parasites can be used as biological tags in a variety of marine organisms, since
populations of a given species that experience different environmental conditions may acquire specific
parasites that can then be used for identification and tracking. Indeed, research by Criscione et al. (2006)
determined that genotyping the trematode parasites of steelhead trout (Oncorhynchus mykiss) was four times
more effective in correctly assigning the fish to its population of origin than genotyping the fish itself. In
terrestrial systems, pathogens such as the gastric bacterium Helicobacter pylori have been used to track
human migration through sequencing strain variation that replicate colonization events. The use of parasites
as tags has also recently been applied to wildlife populations. Biek et al. (2006) suggests that rapidly
evolving viruses are a useful tool in studying the population dynamics of their hosts. Using feline
immunodeficiency virus (FIV), they constructed the spatial ranges of the host (Puma concolor) in more
detail than host microsatellite analysis of the host could uncover. This suggests that such rapidly evolving
parasites are useful in characterising host population dynamics in what they termed “shallow” time.

Conclusions

While not being exhaustive, we have tried to highlight key ways in which natural historians and ecologists
can use genetic approaches to increase the resolution with which they can answer their questions. Pairing and
collaboration between field and molecular experts is becoming more and more frequent, and we believe this
to be a significant step forward in understanding parasitology in complex ecosystems.
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