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ARTICLE INFO ABSTRACT
Keywords: Genetic variation in pathogen populations provides the means to answer questions in disease ecology and
Trichinella spp. transmission, illuminating interactions between genetic traits, environmental exposures, and disease. Such
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studies elucidate the phylogeny, evolution, transmission and pathogenesis of viruses, bacteria and parasites.
Here, we review how such studies have fostered understanding of the biology and epidemiology of zoonotic
nematode parasites in the genus Trichinella spp., which impose considerable economic and health burdens by
infecting wildlife, livestock, and people. To use such data to define ongoing chains of local transmission and
source traceback, researchers first must understand the extent and distribution of genetic variation resident in
regional parasite populations. Thus, genetic variability illuminates a population’s past as well as its present. Here
we review how such data have helped define population dynamics of Trichinella spp. in wild and domesticated
hosts, creating opportunities to harness genetic variation in the quest to prevent, track, and contain future
outbreaks.

1. Introduction developing nematode parasite species that infect a variety of vertebrate
species (Pozio, 2005).

Parasitologists first began to interrogate genetic variation in the late
1980s, when molecular genetic tools became more widely available. An
early review (Hide and Tait, 1991) delineated these opportunities:
discriminating the etiological agents of disease, resolving strains and
species of parasites, identifying vectors and intermediate and reservoir
hosts, and defining those strains responsible for particular outbreaks and
disease characteristics. Recent years have brought more sophisticated
analytic techniques, and the means to amass far more genetic (and spection regimes and barriers to animal trade. Prior to the advent of

genomic) data. Nonetheless, the basic questions remain much the same molecular means to discriminate among the various species of Trichi-
(Traub et al., 2005; Conway, 2007; de Meets et al., 2007; Lymbery and nella, all such occurrences were incorrectly ascribed to a single species:
Thompson, 2012; Bobes et al., 2014). Trichinella spiralis (Duckett et al., 1970; Smith, 1983). People acquire
each infection by ingesting meat and/or meat products containing live
Trichinella larvae. The average yearly incidence of the disease in humans
worldwide is close to 10,000 cases, but with a low mortality rate (about
0.2%) (Pozio, 2007). Underreporting of cases is most likely in countries
where the healthcare system is still developing (Bruschi, 2012). Human
trichinellosis linked to consumption of infected pork has been reported
from Latin America (Mexico, Argentina and Chile), Asia (China, Laos,
Myanmar, Thailand, Vietnam) and Europe (Bulgaria, Romania, Russia,

1.1. Why do we need molecular tools to diagnose and trace outbreaks of
trichinellosis?

Nematode parasites in the genus Trichinella historically cause wide-
spread zoonotic disease. Today they remain responsible for costly in-

Molecular variation in populations (the primary data of molecular
epidemiology) contains rich information about a parasite’s history. That
history constrains the extent and distribution of extant variation within
and among parasite populations. Thus, the past creates (and constrains)
opportunities for understanding and managing the present. Here, we
review how molecular epidemiological investigations have benefitted
our understanding of parasites in the genus Trichinella, a group of direct-
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Serbia, and the Ukraine) (Larrieu et al., 2004; Chavez-Larrea et al.,
2005;Cui et al., 2006; Murrell and Pozio, 2011; Bukina, 2014; Dobrescu
et al., 2014; Rainova et al., 2016; Ng-Nguyen et al., 2017; Pavic et al.,
2020; Ribicich et al., 2020).

High historical burdens of disease engendered implementation of
highly efficacious, but expensive preventative measures (Gottstein et al.,
2009). Biosecurity measures can be very effective in limiting the spread
of Trichinella in domestic swine herds, and testing can further limit
human exposure but cannot stop circulation of the parasites in sylvatic
cycles (although sylvatic transmission may be diminished where on-
farm interventions diminish pathogen spillover (Hill et al., 2010)).
Therefore, game animals remain an important source of exposure to
Trichinella spp. and have, in some countries, become the primary source
of human infections (Pozio, 2015). Because species of Trichinella are
known to naturally infect more than 150 host species (mostly mammals,
but also birds and reptiles) they provide an interesting model for
studying molecular epidemiology (Pozio, 2005). Mining of genetic data
now enables prompt source tracking. Below, we review recent advances
in defining the taxonomy, systematics, and evolution of Trichinella spp.,
discuss what such tools tell us about Trichinella spp. population dy-
namics, explore the persistent limitations in fully realizing the potential
of molecular epidemiology, and finally introduce the potential of
genomic epidemiology to resolve unmet needs of outbreak tracing.

2. Achievements of molecular epidemiology of Trichinella spp.
in taxonomy, systematics and evolution

The earliest records of trichinellosis date from biblical times and
associate pork consumption with the spread of disease whose symptoms
resembled trichinellosis. The Jewish and Muslim edicts against pork
consumption may derive from illnesses that followed pork consumption
(Gould et al., 1955). This zoonosis was probably an undiagnosed health
concern in ancient times, as was indicated by autopsies of 3000 year old
Egyptian mummies, wherein researchers described the presence of cysts
in muscle fiber similar to capsules of Trichinella spp.(de Boni et al., 1977;
Clarke et al., 2014).

2.1. Genetic tools enable differential diagnosis of species in the genus

Multiplex polymerase chain reaction (PCR) assays targeting variable
segments of ribosomal RNA, followed by restriction fragment length
polymorphism (RFLP) assays enabled recognition of several species in a
genus once only understood as including the type species, Trichinella
spiralis (Murrell et al., 2000; Zarlenga et al., 2006; Pozio, 2007). The
parasite was described and named soon after the advent of microscopy.
In 1835, a small worm was found in the “sandy diaphragm” of a
deceased man and described as Trichina spiralis by Owen and renamed
Trichinella spiralis later when it was found that the genus name had
previously been used for an insect (Railliet, 1895). For the next 140
years, all Trichinella-like parasites were ascribed to a monospecific genus
with a single morphological phenotype.

In the 1970s, multiple researchers noted, independently, that
differing biological characteristics of certain isolates warranted division
of the genus into subgroups; three new species, named Trichinella nativa
(T2), Trichinella nelsoni (T7) and Trichinella pseudospiralis (T4), were
described (Garkavi, 1972; Britov and Boev, 1972; the presence or
absence of a collagen capsule surrounding the larvae in the muscle was
found to distinguish two clades: encapsulated (T1, T2, T7) and non-
encapsulated (T4). A decade later, using allozymes and biological fea-
tures, Pozio et al. (1992) proposed a revised genus with one additional
new species Trichinella britovi (T3), and genotypes Trichinella T5, T6 and
T8. Trichinella genotype T5 has since been elevated to species level and is
now called Trichinella murrelli while T6 and T8 remain unnamed. Later,
based on molecular analysis of the cytochrome oxidase subunit I gene,
the large subunit ribosomal-DNA gene and the expansion segment five,
two new non-encapsulated species were described: T. papuae (T10)
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(Pozio et al., 1999) and T. zimbabwensis (T11) (Pozio et al., 2002) and
new genotype T9 (Nagano et al., 1999). Most recently, two encapsulated
species have been described in the Americas, T. patagoniensis (T12)
(Krivokapich et al., 2008) in South America and T. chanchalensis (T13) in
subarctic regions of Canada (Sharma et al., 2020).

The multiplex PCR-RFLP assays described above enabled differenti-
ation of genotypes in various hosts, and, understanding the habits and
ranges of those hosts, laid the foundation for initial estimations of each
Trichinella species’ range (Pozio, 2007; Pozio, 2013; Gottstein et al.,
2009; Pozio, 2013). Molecular phylogenies were then reconstructed to
understand the descent relationships among these lineages (Pozio and
Zarlenga, 2005; Zarlenga et al., 2006; Korhonen et al., 2016). Molecular
characteristics traditionally supported division of the phylum Nematoda
into the Secernentea and the Adenophorea, to which the genus Trichi-
nella belongs (Maggenti et al., 1983). Variation in the small subunit ri-
bosomal DNA (Blaxter et al., 1998) subsequently divided nematodes
into five clades, a proposal confirmed in the studies of Voronov et al.
(1998). Trichinella branched off early in the history of the first of these
clades which contains certain free-living soil and marine taxa as well as
some parasites of plants, insects, and vertebrates. Subsequent genetic
data refined this framework (Lavrov and Brown, 2001; De Ley and
Blaxter, 2002; Holterman et al., 2006).

Trichinella species were found to share about half of its expressed-
sequence tags (EST) with Caenorhabditis elegans (assigned to clade V)
(Mitreva et al., 2004, 2005). Analysis of mtDNA (Lavrov and Brown,
2001) provided additional evidence for the placement of Trichinella spp.
as an early branch in the history of the nematodes. Mitreva and Jasmer
(2006) estimated that the divergence of lineages leading to Caeno-
rhabditis and Trichinella may have commenced 600 million years ago
(mya). Furthermore, Trichinella genus diverged from its closest nema-
tode lineage, Trichuridae, approximately 250-300 mya (Zarlenga et al.,
2006); a subsequent analysis based on comparative whole genome
analysis (Korhonen et al., 2016) is broadly consistent with that estimate
(281 mya, at the transition from the Oligocene to the Miocene). Known
species of Trichinella began diverging from a common ancestor ~29
mya, when the encapsulated and non-encapsulated clades separated in
the upper and uppermost Miocene and continuing into the Pliocene and
Pleistocene (Zarlenga et al., 2006; Korhonen et al., 2016).

2.2. Genetic variation elucidated the early diversification and
dissemination of Trichinella parasites

Phylogenetic and phylogenomic methods sustain broadly congruent
hypotheses concerning the early diversification of species in the genus,
setting the stage for contemporary epidemiological investigations
(Zarlenga et al., 2006; Korhonen et al., 2016). Eurasia is the likely
ancestral home for all species. Divergence into encapsulated and non-
encapsulated species likely occurred in the mid-Miocene as parasites
of Eutherian mammals (omnivores, scavengers etc). The spread of the
parasites into Africa, Eurasia and North America likely occurred by
interregional faunal exchange after an early Miocene glaciation. Diver-
gence of non-encapsulated group into T. pseudospiralis and the common
ancestor of T. papuae and T. zimbabwensis may have occurred during a
period of climate change accompanying the Tibetan plateau uplift
(10-8mya); the split between T. papuae and T. zimbabwensis may have
occurred 4.9-2.3mya (Korhonen et al., 2016).

The scenario described by Korhonen et al. (2016) supposes that in-
dependent expansion events around 7.5mya (Miocene), 4.5-4 and
3.5mya (Pliocene) and 2.0mya (Pleistocene) caused divergence of
T. nelsoni (7.8-4.1 mya) and T. britovi + T8 (3.2-1.7 mya) on the African
continent, while separation of T. nelsoni + T. spiralis near the Mioce-
ne-Pliocene boundary may be linked with hominins and humans and
later domestication of primary suid hosts for T.spiralis. Anthropogenic
dissemination of T. spiralis appears to explain its notably global reach
(Rosenthal et al., 2008). Diversification of T8 and T. britovi may have
occurred in Africa (Pozio et al., 2005) or in Eurasia (Pozio et al., 2009;
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Zarlenga et al., 2006).

Encapsulated species likely spread to North America before Northern
Hemisphere glaciations, when permanent land linked Eurasia and the
Nearctic. Earlier, around 10 mya, T.patagoniensis diverged from the
common ancestor of the encapsulated group (around when the Pan-
amanian Isthmus formed, enabling its establishment in South America).
Korhonen et al. (2016) indicate also that diversification of T. nativa +
T6, T. murrelli + T9 and T. pseudospiralis in Northern America, reflects
complex responses to climate variation and habitat change during the
emergence of the Bering land bridge after 2.5 and 2.0mya, facilitating
independent host-switching events and expansion from Eurasia into
North America. In their hypothesis, T9 diverged from a common
ancestor with T. murrelli before geographic colonization of the New
World, or following isolation across Bering Strait during a glacial
maximum. The most recent study of Sharma et al. (2020) added one
more piece to the puzzle of Trichinella biogeography, describing a newly
discovered freeze-resistant encapsulated species, T. chanchalensis, in
North Canada. Their molecular analysis indicated that T. chanchalensis
diverged from other lineages even before T. patagoniensis. The
geographical range of this ancient species likely resulted from episodic
expansion, geographic and host colonization between Eurasia and North
America through Beringia, consistent with the history of wolverines, its
only known host.

2.3. Genetic tools elucidate the history of phenotypic adaptations in the
genus

The phylogeny contextualizes important phenotypic adaptations
that have occurred, for example the capacity to infect avian and croc-
odilian predators of mammals (in T. pseudospiralis or in T. papuae and
T. zimbabwensis, respectively) and the acquisition of freeze resistance in
species endemic to the Arctic (T. nativa, T6 and T. chanchalensis). These
biological properties provide hypotheses regarding the evolution and
epidemiology of these parasites. The freeze resistance investigated in
several studies appeared different for various species and hosts, likely
owing to different histories for the individual species. Survival at tem-
peratures below 0 °C in carnivore muscle is best for T. nativa and T6;
tolerance for cold climates seems also true for the newly- described
T. chanchalensis, though further research is required to understand the
limits to its freeze-resistance (Sharma et al., 2020). This characteristic
may have evolved twice in the history of Trichinella, or the trait may
have developed early and then been subsequently lost in lineages other
than T. nativa and T6. Although freeze resistance of these three geno-
types favor their survival in cold climates, their geographical distribu-
tion is not limited to only those areas. T. nativa has been found in
temperate climates below the isotherm 4 °C, and not only in carnivores,
which are the preferred host for this species, but also omnivores, which
increases the risk to humans who eat wild-meat products (Pozio et al.,
2009; Bilska-Zajac et al., 2017).

2.4. Genetic tools substantiate the occurrence of hybridization in the
genus

Hybridization occurs among certain species of Trichinella. It occurs
between T6 and T. nativa (La Rosa et al., 2003; Dunams-Morel et al.,
2012), and between T. spiralis and T. britovi (Franssen et al., 2015).
Attempted laboratory crosses vary in their success (La Rosa et al., 2003).
When mixed infections were followed over five generations, genotypes
indicated that hybridization had occurred in 15% of crosses, but over
time a single species became dominant indicating fitness differences
among pure-breeding and hybrid offspring (Hecht et al., 2016). Never-
theless, limited hybridization might facilitate introgression of important
phenotypic traits, such as freeze resistance, from one species to another.
This possibility merits further investigation.
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3. Achievements of Trichinella molecular epidemiology in
population genetics

3.1. The extent of genetic variation varies widely among parasite species
and populations of Trichinella species

Molecular tools have also been used to describe intraspecific vari-
ability, beginning with the analysis of allozymes (La Rosa et al., 1992).
Subsequently, other researchers utilizing different molecular tools and
genetic datasets displayed some polymorphisms in T. spiralis (Wu et al.,
1999; Wu et al., 2000; Gasser et al., 2005). Distinct levels of variability
were thereby identified among the species (Odoevskaya and Spiridonov,
2016; Bilska-Zajac et al., 2019) suggesting important differences in the
processes underlying the distribution of genetic variation within and
among parasite populations (Lymbery and Thompson, 2012).

The structure of Trichinella spp. populations was first examined using
isolates collected from Europe, the Americas, Africa and Asia using
microsatellite markers, and demonstrated that T. spiralis isolates were
nearly uniform throughout Europe and the Americas. The parasite may
therefore have been brought to the Americas by Europeans, who were
also responsible for introducing this parasite’s major hosts (pigs and
rats). Greater variability occurred in just 6 Asian isolates of T. spiralis
isolates than in 50 western isolates (Rosenthal et al., 2008), under-
scoring the severity of a population bottleneck in Europe.

3.2. Uniformity of European and American populations of T. spiralis limit
the ability to trace outbreaks there using available genetic tools

The notable uniformity of T. spiralis in Europe and the Americas
poses practical difficulties in differentiating among even those sub-
populations of this parasite separated by great geographical distance
(Rosenthal et al., 2008). The uniformity of those populations, and evi-
dence of significantly inbred larval cohorts in most animals, enabled
such insights to be derived from larval pools. Subsequent analyses using
microsatellites, applied to individual larvae, confirmed (especially for
infected animals in the west) that larval pairs sampled from a given host
tend to be related far more closely than full siblings would be if drawn
from a randomly mating deme (La Rosa et al., 2012). Testing observed
allele frequencies significantly different from equilibrium expectations.
More than 60% of the time, only one allele was identified when a given
locus was characterized for 48 larvae derived from a given host. In only
8% of isolates were heterozygous loci identified. The outcomes indicated
that most ‘non-Asian’ isolates were comprised of full sibling cohorts. In
one notable exception, two distinct homozygote genotypes were iden-
tified without the heterozygotes that would be expected if these larvae
derived from a freely mating parental pool. Instead, these larvae appear
to have derived from two successive infections. Again, Asian isolates
were found to harbor far greater amounts of genetic variation, with two-
thirds of clearly showing multiple parents contributing to the in-
dividuals isolated from a single host.

Greater variation still has been reported from certain Asian locations
(Tiandong, Guangxi and Linzhi, Tibet) (Xi et al., 2019). In this study, the
Bayesian model-based clustering analysis identified larval cohorts
necessarily derived from more than two parents. The most recent study
by Li et al. (2020) using 16 newly designed microsatellite markers,
demonstrated abundant genetic variation in 12 Chinese isolates. The
observed number of alleles per locus ranged from 7 to 19, the most
polymorphism yet reported. (Four of the 16 loci deviated from Hardy-
Weinberg Equilibrium, which may compromise their use for many
purposes). It is not yet known whether these new markers hold the po-
tential to identify genotypic differences among samples outside of Asia.

The regional homogeneity of T. spiralis in Europe and the Americas
constrains attempts to differentiate among outbreak strains in a locality
or infer the multiplicity of infection common in naturally-infected ani-
mals. La Rosa et al. (2018) tested 41 isolates of T. spiralis extracted from
wild boars from Extremadura, Spain, and found that two-thirds of them
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consisted of identical individuals derived from inbred parents; 10% of
the investigated isolates were fixed at all assayed loci. The study also
showed evidence of mixed infections (larvae derived from more than
one parental pair). These studies confirm that the life-cycle of Trichinella
spp. promotes sibling inbreeding and results in reduced effective pop-
ulation size. When analyzing such highly inbred populations, genetically
uniform isolates will often occur. The occurrence of mixed isolates
however may slow the regional loss of allele richness (La Rosa et al.,
2018).

3.3. Transmission dynamics favoring local homogeneity of parasite
populations

What about the biology of this infection explains this genetic struc-
ture? The extent to which genetic variation is distributed among pop-
ulations is determined by the interaction of various evolutionary forces,
mainly genetic drift, selection and migration. These evolutionary forces
are affected by several biological and ecological factors, such as repro-
duction, breeding system, effective population size and spreading ca-
pacity. The extent to which intraspecific diversity is structured between
different hosts or geographical areas depends primarily on how the
parasite reproduces and the fragmentation of the parasite population
among host individuals.

Trichinella is transmitted when a carnivore or omnivore ingests the
muscle tissue of an infected animal. No intermediate host or free-living
stage exist, although larvae of certain species persist in host carcasses
after death (Pozio, 2015; Rossi et al., 2019). Point sources lead to syn-
chronous maturation of sibling larvae to sexually-mature adults, who
then mate to produce the next generation. This favors local allelic loss
and, eventually, genotypic fixation: genetic drift is stronger than gene
flow in this situation. Genotypic dispersal may rely on vagile hosts, or
transmission among distinct host species, but such forces do not seem to
have been strong factors in the establishment of extant European pop-
ulations. It seems that population size of founders was very small, which
caused the development of a highly inbred population.

The deficit of genetic diversity in T. spiralis in Europe points to a past
population bottleneck. Variation in a modest sample of whole mito-
chondrial genomes indicated that European lineages of T. spiralis prob-
ably did not descend from very recent migration of founders from China;
rather Asian and European populations likely split much earlier
(Thompson et al., 2021). European populations may then have suffered
a uniquely marked bottleneck after the split. Recent reconstruction of
population demographics from T. spiralis genomic sequences led to a
similar conclusion: the population bottleneck limiting variation in Eu-
ropean T. spiralis most likely occurred prior to domestication of pigs,
perhaps during a decline of wild boar and other carnivores in Europe at
the end of the last glacial maximum (Hecht et al., 2018).

In Europe, T. britovi is far more diverse than T. spiralis (Rosenthal
et al., 2008). La Rosa et al. (2018) used 4 microsatellite markers to
analyze isolates from continental Italy and France and the islands of
Corsica and Sardinia; they found different levels of variability in each
locale. The continental isolates were characterized by high levels of
intra-isolate complexity and resembled isolates from other continental
areas. Sardinian and Corsican isolates were more locally distinct and
limited in variability. This was the first application variable genetic
markers to trace distinct transmission chains, proving that Multi Locus
Genotyping could be employed to trace back sources of Trichinella
infection when sufficient genetic diversity is present. Given evidently
abundant polymorphism in China, these approaches will likely suffice to
trace outbreaks of T. spiralis there. Elsewhere in the world, limited ge-
netic variability constrains the application of microsatellite markers to
outbreak tracing of T. spiralis.
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4. Practical application of population genetics in Trichinella
outbreaks

Identifying sources of human infection can help stop its spread.
Where alternative environmental sources occur, genetic data can be
used to discern which gave rise to human infections. Such analyses have
aided outbreak investigations and tracking transmission of other para-
sites (Ye et al., 2019; Tessema et al., 2019). New genomic sequencing
technologies enable these types of analyses even for T. spiralis in Europe
and the Americas, which have until very recently (Bilska-Zajac et al.,
2021a) defied outbreak tracing using microsatellite markers.

In population studies of Trichinella, microsatellites have recently
been the genetic marker of choice. They are co-dominant and tend to
have high allelic diversity. However, they are also time-consuming to
develop and impractical to genotype in large numbers, limiting studies
to the use of low numbers of loci. At this time, only 6 papers examining
the genetic structure of T. spiralis have been published, utilizing no more
than 16 microsatellite loci. The results revealed the high homogeneity of
this species with little indication that they can be used to track outbreaks
in Europe or America.

Microsatellite studies of T. spiralis in Poland provide hope for tracing
local outbreaks using genetic data. While T. spiralis from pig farms had
remarkably uniform genotypes and displayed clonal character of isolates
likely coming from common source, isolates from wild boar had higher
genetic variability, indicating a more diverse local population than
previously believed. The analysis was complicated by the generally very
low genetic variability within the analyzed T. spiralis population;
nonetheless, a degree of genetic differentiation between domestic and
wildlife parasites was achieved. These results confirmed the capability
of microsatellites to distinguish geographically distant isolates of
T. spiralis. However, the study was arduous and time-consuming, and
necessitated careful scoring of each microsatellite genotypes in ways
that are difficult to apply from one laboratory to the next. Moreover,
lack of heterozygosity complicated the process of estimating certain
population parameters valuable in drawing conclusions about the
structure of parasite populations (Bilska-Zajac et al., 2021a).

In general, outbreaks should entail a mere subset of a population’s
total genetic variability. But when the pool of total variability is limited,
much more of the genome needs to be sampled (when seeking to
discriminate what is unique about any given transmission chain).
Careful attention is therefore required to choose sufficiently variable
markers.

Given the limited resolution of existing marker systems when applied
to European isolates, the addition of new microsatellite markers (for
example the 16 markers recently reported by (Xi et al., 2019)) might
facilitate progress. However, it bears emphasizing that interpreting
microsatellite assays requires time and training, and the number of loci
required to achieve needed resolution may be orders of magnitude more
than what has been previously attempted.

5. High-resolution genomic approaches offer greater potential
to trace outbreaks

Rapid techniques offering more resolution would aid outbreak
investigation. The technological advances in next-generation
sequencing (NGS) and their increasing availability provide a robust
platform for the next generation of molecular epidemiology and popu-
lation genetics. Whole genomes have been used to trace viral outbreaks,
including the ongoing SARS-CoV2 pandemic (Zhang and Holmes, 2020).
Whole genomes provide complete information, but may require signif-
icant resources depending on the size of the genome sequenced.

Reduced genome representation techniques provide an alternative to
sequencing complete genomes. These generate large numbers of genetic
loci from across the genome, facilitating investigations of population
genetics, selection, linkage, and phenotypic association. Early methods
like random amplified polymorphic DNA (RAPDs) and amplified
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fragment length polymorphisms (AFLPs) proved useful in non-model
organisms and have given rise to new sequence-based techniques such
as restriction site associated DNA sequencing (RADseq) (Baird et al.,
2008). RADseq produces DNA libraries for high-throughput sequencing
using restriction enzymes that cut at specific motifs throughout the
genome. Sequences adjacent to the restriction sites are collected and
assembled into thousands of loci distributed across the whole genome.
The results can be interrogated for single nucleotide polymorphisms
(SNPs) which are essential for understanding the evolutionary history of
the organism in question.

The technique has provided enhanced resolution in determining the
genetic structure of populations (Morgan et al., 2017; Sunde et al., 2020)
and phylogeographic history (Bohling et al., 2019) compared to mi-
crosatellite analysis. SNPs mutate more slowly than microsatellites gain
or lose repeats, making RADseq data less informative about recent
population divergence. However, RADseq compensates for this weak-
ness by generating many more variable markers (Sunde et al., 2020). It
has also been argued that the slower mutation rate of SNPs makes them
better suited for revealing ancestral patterns of genetic structuring
(Andrews et al., 2016). The power of both methods (microsatellite
analysis and RADseq) has been compared in several empirical studies.
Rasic¢ et al. (2014) investigated the global population structure in the
mosquito A. aegypti using 8 microsatellites and a large panel of SNPs and
found that population structure could be more clearly resolved with
SNPs. In a study genotyping great scallops (Pecten maximus), RADseq
generated 10,539 SNPs, yielding greater power to detect genetic dif-
ferences among the populations and resolving population structure over
a much smaller geographical scale than 13 microsatellite loci (Vendrami
et al., 2017).

As RADseq has the same potential as microsatellites to inform about
the role of different evolutionary processes and has better resolution
through increased sites, it is a technique that should be developed for
these low-diversity organisms. We recently introduced Trich-Tracker, a
sequence analysis pipeline that succeeded in rapidly extracting infor-
mative genomic variation from T. spiralis isolates derived from four
Polish farms and from several wild boar (Bilska-Zajac et al., 2021b). The
approach succeeded in distinguishing chains of transmission, linking
parasites in one farm’s pigs to parasites in its rats, and affirmed a sus-
pected epidemiological connection between parasites infesting two
proximate farms. This process thus yielded powerful and actionable
insights by harnessing variation encoded throughout the parasite
genome, and did so much more quickly than was previously possible
using microsatellite markers. This successful proof of principle, achieved
where historical inbreeding has frustrated attempts at traceback, heralds
newfound opportunities to understand and mitigate outbreaks as they
occur.
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