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5. DISCUSSION

In TBD risk evaluation, it is essential to undenstavhich factors are affecting
vector population dynamics and the epidemiologyeath specific tick-borne disease
involved. In fact, in order to estimate the finatipogen transmission potential of the
tick itself, it is necessary to consider the effettboth the biotic components of the
interactions taking place between the vector, amtivarsity of hosts and pathogens;
intrinsic biological barriers (i.e. molecular, aélir, physiological and physical); and the
abiotic component of the environment in which tig&DTIsystem is embedded (Pfaffle et
al., 2013; Randolph, 2008; Fig. 5.1). These comatdms are particularly important in
the present context of rapid variations in climaecio-demographic factors and land
use, which not only strongly impact vector and &gstpulations, but also modify the
frequency of contacts of humans and domestic asimdh infected ticks (which is

directly correlated with disease risk).

Fig. 5.1 The triangle of host- vector - pathogemriactions, showing the points of action of the
intrinsic biological barriers to transmission ahd extrinsic environmental factors (reprinted
from Randolph et al., 2008).
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In this study, | integrated two advanced molecalgproaches, NGS population
genomics and bloodmeal analysis by HRMA, to inffier host-use pattern bfricinus at
a regional scale and the potential effect of tlekavior on TBD epidemiology. First, |
will discuss the novelty of the Real-time HRMA bthoeal analysis protocol we
developed and the future technical improvement tnatld made it more efficient;
then, population genomics and bloodmeal analysssili®e will be discussed in the

framework of reference literature.

5.1 A new tool for bloodmeal analysisin questing ticks

Molecular bloodmeal analysis is a milestone in ¢iedy of arthropod borne
disease epidemiology, as underlined by the inangdsddy of research on this topic and
its application to several hematophagous vectastgg flies,Anophelesand Culex
mosquitoes, reviewed in Kent, 2009; Triatominae shugefia et al., 2012) including
ticks (Estrada-Pefia et al., 2005; Pichon et aD32@005, 2006; Humair et al., 2007;
Moran Cadenas et al.,, 2007; Allan et al., 2010; ¥d et al., 2014). However,
although molecular methods can provide high spetyfiand sensitivity in bloodmeal
analysis (Kent, 2009), their resolution is stithlted by digestive process and mixed
bloodmeals, as is the case of their applicationidks (Gémez-Diaz and Figuerola,
2010). In fact, while there is urgent need for sackeliable method (Bolzoni et al.,
2012; Estrada-Peiia et al., 2013), the current mi@emethods available for bloodmeal
analysis in questing ticks are not considered siefiitly robust for application in field
studies (Estrada-Pefa et al., 2013), and questiaas been raised concerning their

susceptibility to contaminations (Collini et alQ15a in press; Collini et al., 2015b).

150



Here, | present the novel application of Real-tiHiRMA as a new tool for the
investigation of tick feeding ecology. Before tagtithe new technique, we explored a
variety of DNA sequencing protocols, using univergartebrate primers as well as
species-specific and host group ones, since semugenwould be the most
straightforward way to capture the wide host raofjthe sheep tick and/or to identify
hosts to species level. In addition, reduced sexjngrcosts, as well as improved PCR
reagents and instrumentation, were all factorsdang testing the sequencing approach
by simply designing new primer sets. Although | diokt obtain encouraging results,
they provided key indications for the successive successful design of the Real-time
HRMA protocol. That is, the use of universal vertdb cytb primers led to the
amplification of contaminant human DNA, so consetlye | went on to design primers
that did not cross-react with human DNA. In additidghe superior performance of
primers amplifying shorter amplicons moved my printesign toward very short
amplicons, and host group primers amplifying spe@at the range of the selected
ones, led me to avoid degenerate primers.

The presented Real-time HRMA protocol, involvingg tamplification of host
DNA by means of six newly designed host group prgnallowed the simultaneous
screening and identification of bloodmeal sourceguesting ticks for 17 of the most
important European vertebrate tick host speciesil@ ungulates, rodents, shrews and
birds, as well as the domestic dog, livestock ggseeigoat, sheep and cattle -, and the
commensal house mouse), and two gengpademusandSorey.

Our results confirmed the power of HRMA to identihe host species or genus
from both control DNA samples and questing nympimgportantly, HRMA is a non-

destructive post-PCR method, meaning that amplifingproducts from questing ticks
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can be sequenced to confirm species identity itaiceicases (e.g. to distinguigh
philomelosandE. rubeculd and to reach species-level identification foresam which
HRMA can only clarify the genus (e.§orexspp. andApodemusspp.). In order to
avoid unnecessary expense, | would recommend pediAlsequencing for only those
amplicons with unusual melting profiles that falithin the T,, range of target species
(e.g. sample 12_TR; Appendix-Table Al), or thatehaimilar shape to target species
but are outside the reportdg, range. These are worth sequencing as they mapdexte
the Ty, range of that species (by identifying intraspecsiquence variation), or even the
list of target species for a particular primer é&$ in the case reported here Bf
taurug. However, as shown here, profiles that fall wedlyond the range of target
species or have a very unusual shape are unlikelield host DNA, but are more likely
arise from contaminant DNA or primer dimers.

In the first application to questing ticks, we wettde to identify bloodmeals in
65.4 % of questing nymphs. This sensitivity is leigthan mean sensitivities published
thus far for RLBH or RFLP fol. ricinus nymphs (24.5 % - 15.5%: Estrada-Pefa et al.,
2005; 49.4 %: Pichon et al., 2005; 33 %: Pichomalgt2006; 38.2 %: Humair et al.,
2007; 40.6 %: Moran Cadenas et al., 2007) andnidlasi to that of Wodecka et al.
(2014; 62.8 %) and Allan et al. (2010; 62.8%). GBIRMA protocol also proved to have
high identification success, correctly assigningthDNA to species or genera using
HRMA alone in 40/42 (95.2 %) amplicons obtainedrirquesting nymphs; of these,
35/42 (83.3%) were identified to species. This carap favourably to the 72 % and
62.3 % identification success to genera or spewpsrted in Moran Cadenas et al.
(2007) and in Humair et al. (2007), respectivehilev all other above-mentioned

authors were only able to identify host DNA to gopdamily or occasionally genus
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level. Unfortunately, direct comparison of all threurrently available methods, by
testing the same nymphs with RLBH, RFLP and HRM&\not possible at this time
because of the limited quantity of eluted DNA aabié from each questing nymph.
Only application of this new HRMA protocol to largellections of questing ticks will

confirm its place among bloodmeal identificationthosls.

The lack of host identification in 18 out of 52 gtiag ticks may be a result of
the time since the last bloodmeal, which we esethats 9 to 14 months (Kirstein and
Gray, 1996; Randolph et al., 2002), or specificivitial developmental dynamics,
heavily affected by site and climatic conditionsaiéin Cadenas et al., 2007). However,
it may be that some nymphs fed as larvae on speociemcluded in our primer design
process (e.gPodarcis muralis Erinaceus europaeyd.. europaeusS. vulgaris Sus
scrofa, etc.), which are currently considered minor hostsny study area. For this
reason, additional primer sets need to be designegpand host coverage (see 5.2).
My initial results showed HRMA host misidentificati in only one individual, as a
result of sequence variation at the intraspecdicel, not predictable during amplicon
selection and primer design. These errors deriv fthe relative scarcity of available
GenBank mtDNA sequences for some of the selectetidpecies (e.gApodemussp.)
that are not currently the object of intensive gienstudy, despite their importance in
zoonotic disease cycles.

DNA from multiple hosts was detected in 23.5 %eastéd nymphs. Even if this
result is based on a relatively small number of@as) it is comparable to that obtained
in 2007 by Moran Cadenas et al. (19.5 %) and Adlaal. (16.2%; 2010), although the
efficacy of PCR-RLBH and PCR-RFLP protocols to detmixed bloodmeals has not

been thoroughly investigated to our knowledge (daeair et al., 2007; Wodecka et
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al., 2014). In addition, the presence of DNA frororenthan one host may increase the
complexity of host identification with the above tmeds as well as those using direct
sequencing (Alcaide et akR009; Kent, 2009). However, my HRMA approach akow
unambiguous detection of multiple hosts, at leds¢wthese are species belonging to
different host groups. The fact that no nymphs vieiteally found to have fed as larvae
on targeted species of Passeriformes and Capriaag@mbably not an indication of the
suitability of the primer set, but simply a resaftthe small sample size; in fact, the
bloodmeal screening of the much larger sample u#iigy protocol also resulted in
successful amplification d?asseriformesandCaprinaeDNA from questing nymphs.

My results demonstrate that Real-Time HRMA is aiat#é method for
bloodmeal analysis in questing ticks. Although different amplifications must be
carried out on each tick, the single-step Real-tiHRMA design described here,
enabling reaction processing, screening and gemgypn the same instrument, still
makes it simple and fast compared to other methbdsaddition, the method is
extremely useful for unambiguous identification ofultiple host DNA (mixed
bloodmeals). Our protocol also reduces errors comnrmo multi-step molecular
protocols and avoids amplification of both enviramtal and human contaminating
DNA, a recurring problem in low quantity/quality [MN\studies. Moreover, the lack of
the sequencing step in all but the most dubiousscé®wvers the cost of analysis. In
addition, Real-time HRMA reagents have costs coafgarto those for conventional
PCR, and are usually provided asupermix further reducing errors (Reed et al., 2007).
Although the technique described here is optimifmgdnymphs, our protocol should
also be easily applicable to adult questing tiaksen the larger bloodmeal of the

nymphal stage compared to the larval one. Thisopodtcould also be applied to other
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species of ticks, and other hematophagous insecgfsrieral, if this were convenient, by

expanding primer sets if necessary.

Use of the Real-time HRMA protocol developed heoe the screening of
questing nymphs collected from the remaining samgpkites of PAT gave us the
possibility to test it on a large sample for a makable evaluation of its usefulness and
to introduce a more automated configuration. Atshme time, important results were
obtained regarding the feeding biologyloficinus larvae in the study area, that would
be discussed later.

As time and financial resources are important Imgitfactors in research, it is
important to note that the more automated configumanabled an increase in time and
cost efficiency of the protocol: (i) automated DN&traction allows the processing of
93 nymphs in one working day by two operators, all as a two-thirds decrease in
reagent costs (magnetic-beads automated Thermo€l+PMdA vs manual spin-column
Qiagen 4.96 €+IVA); (ii) robotic PCR reaction sgt-decreased operator working time
and reduced the errors and variability usually teelato operator skills; (iii) the
RotorGene instrument permitted to process 32 unkrneamples at a time.

On the other hand, a notable decrease in iderttditauccess (25.4% overall),
related to the introduction of the magnetic-beastoraatized DNA extraction method,
was observed. However, identification success a&sted greatly between sampling
sites (QlAamp: 31.3 — 92.3%; Thermo: 3.3 — 50.0R)ran-Cadenas et al. (2007) also
showed that identification success varies accortbhngite-specific climatic conditions
(49.9% North facing slope, 41.0 % South facing s)ogsince these conditions also
direct affect the metabolic rate of ticks and theopulation dynamics, in the same

sampling site, identification success also chargmmbrding to sampling time, so that
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the North facing slope had higher values in spang autumn (93% May and 73%
October) and lower values in summer (20% July), levihe South facing slope
presented a low identification success from Aprilduly (19 - 35%), with an increase
during the summer and the highest peak in Octod®%§. Even if sampling time did
not significantly explain the variation in identifition success in our dataset, possibly
because samples were all collected in spring, uldcde that local micro-climatic
variables did have an influence. Unfortunately, e not have the relevant
measurements at our sample sites, such as satudafiigit (the most important climatic
variable in regulating tick activity and, therefpmaetabolic rate; Tagliapietra et al.,
2011), which would have allowed a better investaraof this effect.

As postulated soon after the development of the ARivbtocol, sequencing of
amplicons having unusual melting patterns extenthexd list of target species for
Cervidae D. dama Ovis spp. andR. rupicaprg, PasseriformesTyurdus spp.) and
Muroidea C. griseu$. These additional species are not distantly edldb the target
species and the mtDNA regions selected show relgtilow levels of variability;
consequently, in some cases, melting temperatdrdgese additional species partially
overlap with the ones of primary target specieskintathe use of HRMA for species
level identification not as straightforward asialiresults suggested. On the other hand,
analysis of a much larger dataset still showed girahers do not cross-react with
distantly-related species compared to those forchwithey were designed; hence,
sequencing of all amplicons could be avoided iftlgyeup or genus identification is
considered detailed enough according to the st@emtypothesis of the study or the
target of the bloodmeal analysis (i.e. identifioatof neglected host species; evaluation

of a specific species as tick hosts). For exangdaur results showed, the classification
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of host according to Order still gave importanighs into larval host distribution in the

two major habitat types investigated.

5.2 Real-time HRMA: Technical problemstoresolve

The Real-time HRMA protocol presented here givesliable indication of the
blood feeding habit of ticks in a certain area,tla main host groups and, most
importantly, hosts having a central role in the TB@demiological cycles in the Alps,
are targeted.

Certainly, a higher identification success woultphe improve confidence in the
results since bias in the species detected (iigt® could be ruled out. Such success
would also give robustness and more credibilityhi® results of the statistical analyses
used to infer hosts relative importance and modmt-parasite systems. Manual
QiaAMP® DNA Investigator was more efficient in amplifyifgst DNA, but may not
be ideal for a large sample due to its higher casts time needed to implement it.
However, it should be noted that there is now gdarariety of magnetic-beads reagent
kits available for combined use with the KingFidlagnetic Particle Processor, some
specifically designed for small samples sizes aarkrisic applications, such as
QiaAMP® DNA Investigator, that could be tested and optediz

Substantial improvement of the protocol could bedenaxtending its host range
coverage and enhancing species level identificatypmesigning new primers for the
current target species. Here, an in-deep evaluatiothe availability of reference
sequences suitable for HRMA from public databasesRleptiles acerta viridis P.
muralis), other CarnivoresMeles meles, Martes martes, Mustela niyalad rodents

(Sciurus vulgarisGlis glis), or other species (i.&. europaeus, Sus scryf@as done at
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this time, showing, for some of these species, $eqyuences data available; genetic
resources could be eventually obtainedibynovosequencing mtDNA region by means
of universal primers. On the other hand, improvépgcies level identification for the
currently targeted species could be challengingvaslable mtDNA genetic resources
were already exhaustively examined to design timagrs used here; others were tested
and discarded (either by in-vitro by uM@&tand/or on control samples). However, the
species level identification, could be improvedyexsally for the host group primers for
Cervidae (multiple species having partially ovepliayy T,), Muroidea
(misidentification of Apodemus spp. because of intraspecific variation) and
PasseriformesT( philomelos Turdus spp. andE. rubeculahaving overlappingTy,
range), by the introduction of unlabeled probese(Ret al., 2007) or by heteroduplex
formation (Cheng et al., 2006).

In future, the development of multiplexed assayse(@Ret al., 2007; Seipp et al.,
2008; Gori et al., 2012) would further increase tinge- and cost-saving properties of
the devised method. Moreover, as less total tickADNould be used in bloodmeal
analysis with this method, a comparative analysisuorent methods (i.e. RLBH) and
the one presented here could be performed. Morertaqtly with more DNA a parallel
screening for TBD etiological agents (iBorrelia spp., Rickettsiaspp., Anaplasma
phagocytophylum, Babesispp) could be performed on the same tick, as done in
previously published bloodmeal studies (Pichon let 2003, 2005, 2006; Moran
Cadenas et al., 2007; Allan et al., 2010; Wodedkal.e2014). As presented in these
articles, knowing both the larval host bloodmeal #ime pathogens hosted by each tick
would permit a more complete investigation of thgortance of vertebrate species in

tick population maintenance and their role in thaemiological cycles of TBD, even
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for those species rarely trapped or not currerglysddered important in TBD systems.
However, it should be kept in mind that simultareadentification of pathogen and
host DNA does not imply reservoir status for thenitfied species, or vector status for
the ticks, as Estrada-Pefia et al. (2013) undetlibet additional laboratory studies
must be performed before it can be concluded tipartacular tick is a vector, or a host

is a reservoir of a particular pathogen.

5.3 Tick biology and epidemiological implications

l. ricinus is traditionally depicted as a generalist parasibde to exploit a wide
range of mammals, birds and reptiles (Hoogstradl A&eschlimann, 1982). The only
constraint in host choice appears at the adulestaen females preferentially feed on
large mammals, in order to take the large bloodmesdded for egg production
(Talleklint and Jaenson, 1994; Mejlon and Jaend®97). In evolutionary terms, it
would appear evident that adaptations allowing eagte to track host responses to
infections would make the parasite better equigpegkploit the host than a generalist;
on the other hand, generalists might be more efficat reacting to environmental
variation influencing host diversity and availatyili Given the intimacy of tick-host
physical and physiological interactions taking pladuring the long bloodmeal
(Brossard and Wikel, 2004), one may expect thagla level of specialization would be
necessary to overcome the immune barriers of hostabatting hematophagous
parasitism, making exploitation of several hostcgge difficult. Such specialization
could lay the foundation for host-race formatiohnot speciation, since a barrier to
gene flow between tick populations exploiting diéiet hosts could eventually evolve

(reviewed in McCoy et al.,, 2013; Magalhdes et a007). Tick ‘races’ exploiting

159



different hosts would also present genetic struntuat different geographical scales, in
relation to host vagility, since tick patterns ang flow and dispersal appear to be
largely determined by host movement during inféstatPorretta et al., 2013 and
references therein and later shown and explaineg).hdost-specialization would have
profound consequences on the current understamditigk population dynamics and
associated pathogens, since the reaction of each shBtem to climate and land use
change will be different according to the host sgemvolved.

Reviewingl. ricinus phylogenetics and population genetics literatiteCoy et
al. (2013) came to the conclusion that differerdrdes of host association divergence
may exist in local populations of the sheep tidcaading to the time of tick population
establishment as well as to the stability of thealohost community (Fig. 5.2), as
observed for other tick specids (riae, Kempf et al. 2009aRhipicephalus micropilys
De Meels et al., 2010). This conclusion, mainlyedasn results of microsatellite
analysis ofl. ricinus on a local scale (De Meed(s et al., 2002; Kemjail.e2009b; Rged
et al., 2006; Kempf et al., 2010; Kempf et al., 20De Meeds et al., 2004), could be
possibly rejected in light of the inappropriatenegsmicrosatellites as a molecular
markers for this species, as revealed by our aisatysd highlighted by Quillery et al.
(2013). Although the authors mentioned certain aad@®s in the STR dataset (mostly
null alleles) and recognized their importance iustag part of the heterozygote
deficiency observed, instead of sequencing the enarks | did and discovering that
their characteristics did not match those of truerosatellites, they suggested that local
substructure and sex-biased genetic structure wieee most possible biological
explanations. Kempf et al. (2011), using the san@asatellites, concluded that host-

associated populations seem to occur sympatridaliyyjn only some of the sites they
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analyzed. Hence, we can conclude from the litegathhat no reliable evidence of tick

‘races’ has yet been published.

Unstructured tick
populations

Ancestra

\1)
v A

Host-structured tick

'ﬂ\" populations

Fig. 5.2 Schematic representation of populatioraegjon ofl. ricinus (arrow)and
hypothesized consequences for host-associatedgstratture The red zone represents well-
established. ricinus populations that persisted in both Southern andr@eBurope during the
last glacial phase (Porretta et al., 2013). The hhea represents the recently colonized zone for

. ricinus and the yellow zone, a transition area where pojpuiage and history may be
variable (Léger et al., 2013; Porretta et al., 20WUBder the hypothesis that the evolutionary

age of a tick population may affect the evolutidémast specialization, we would expect a

strong pattern of specialization in the red zome, @o host specialization in the blue zone
because ticks have only been exposed to local farsésfew generations. In the yellow zone,

patterns of host specialization may be more vagiabh the figure, the degree of host-
associated population structurel oficinusin the extreme zones are represented by a between-
group analysis of neutral genetic variation, wreseh dot represents an individual tick and the
color indicates different host-associated tick gapons. Greater separation of groups indicates
stronger genetic divergence. The relative evolatiprage of tick populations could be changed
to some other habitat-based factor that may affecevolution of host specialization. Reprinted
from McCoy et al., 2013.

Here | present the first application of RAD-Seqthe study of tick population
genetics. The varying sequencing success of ingialdmay be partially explainable by

errors in library preparations; however, similaolgems have been observed in other
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studies using this NGS approach (Xu et al., 20T maximum number of RAD
markers obtained in this study was significantlyaler than those expected, based.on
scapularisgenome features (2.3 Gb and 45% GC); as repont&kitzel et al. (2013
and reference therein), however, it is highly §keat the ratio of expected vs observed
RAD-loci was biased by the presence of highly riépetregions that make up a large
fraction of the tick genome (see below) or, asekigemely unsuccessful alignmentlof
ricinus sequences against the scapularis genome may suggest, the scapularis
genome parameters used in the RAD-Seq experimdtihgsanay not have been
appropriate.

From the extensive analysis of genome wide SNRg&evet by applying the
RAD-Seq protocol on a large number bfricinus adults collected in the entire
distributional range of the species in PAT, andngsa variety of bioinformatics
approaches, | can conclude that the populationheg ticks in this area shows no
genetic structuring. Individuals had a high degodeadmixture and even the two
samples from Finland did not cluster separatelynftbe Alpine ones. The Adige River
Valley, has previously been identified as a pattiairier to gene flow in red deer, roe
deer and chamois populations (Pecchioli et al.62@estanello et al., 2009), as well as
smaller organisms such as mountain hares (Pecétiali, 2006), the butterfl¥rebia
euryale (Haubrich and Schmitt, 2007), and several alpilaatp (Schonswetter et al.,
2002; Albach et al., 2006). In fact, the area betwdake Garda and Innsbruck,
including the Adige Valley, has been invoked as amez of genetic discontinuity
delimiting eastern and western Alpine populatiohsnany other plant species (Thiel-
Egenter 2007; Thiel-Egenter et al. 2009). Howethex,so-called ‘Brenner Line’ did not

seem to affect genetic structuringlimicinus populations.
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These findings are in agreement with studies basecnhitochondrial (Casati et
al., 2008) or on both mitochondrial and nuclearegefNoureddine et al., 2011; Porretta
et al., 2013), showing a lack of phylogeographracttire in the whole range of the
mainland Europeah ricinus, although the European population is clearly djeet
from the north-African one (Noureddine et al., 2010ivergence of the north-African
sheep ticks is also supported by microsatellitdyaisa(De Mee(ls et al., 2002) and is
likely a consequence of genetic drift following tlast Pleistocene glaciation and filling
of the Mediterranean sea which now separates theptpulations. In fact, seasonal
activity and host-association differences have bemgorded such that it has been
postulated that the introduction of European tickéfrica by migrating birds would no
longer result in reproduction, gene flow and adometwith the native population
(Noureddine et al., 2011). Since PAT was completelyered by the Alpine ice-sheet
during the Last Glacial Maximum, the absence ofggaphical genetic structure in the
local populations could reflect a rapid expansidérthe species after the most recent
Pleistocene glaciations, as found at the Europeael |(Noureddine et al.,, 2011),
resulting from a recolonization from the intercocteel populations that persisted in
both Southern and Central Europe during the Laaci@l Maximum (Porretta et al.,
2013), where they presumably parasitized the manpmalilations also found in these
‘refugia’ (Taberlet et al., 1998; Hewitt, 1999, 200rannic et al., 2012 and references
within). According to McCoy et al. (2013; Fig. 5,2)ost-associated divergence is
therefore unlikely. However, to explore this hypegls, the genomic data generated
here will be used by another PhD student, Alex RaaZUniv. of Ferrara), to explore
the demographic history of PAT tick populationseafhe develops software for the

analysis of RAD-Seq data.
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My results suggest that tick ‘races’ in this area @anlikely, in accordance with
McCoy et al. (2013) that suggest a lack of hostession evolution in recently
stabilized tick populations. In any case, it appe#lrat the advantages of such
specialization are outweighed by positive selectarrplasticity for the exploitation of a
wide range of hosts. This generalist behavior had A fundamental role in the
persistence of Pleistocene tick populations inaklét areas and in maintaining the
interconnections between these populations at el flr which no sign of genetic
divergence could be detected (Porretta et al., 04l well as in the admixture of
present day tick populations (Noureddine et all12@Casati et al., 2008). It will also
allow ticks to continue to invade into new regi@shigher altitude and latitude (Léger
et al., 2013), and peri-urban and urban forestsafR&zoli et al., 2014), as a result of
climate and land use changes.

In particular, by investigating the genetics of toult stage, we are looking at
the final result of the host-mediated dispersak theted at the larval and nymphal
stages. My results from feeding tick collection dldodmeal analysis at a local scale
both show that even the larval stage may explghllyivagile wild species, like birds
and deer, but also sheep, foxes and dogs. Firedlysuggested in other studies and
species, the high presence of repetitive elements teansposable elements that
characterize the large tick genomes (Geraci eR@07; Nene et al., 2009; Meyer et al.,
2010), may provide the genetic variability genergtihe ability of ticks to exploit such
a variety of different hosts (Mastretta-Yanes et 2014; Casacuberta and Gonzales,
2013; Sunter et al., 2008). However, in depth stadythis topic has not yet been
carried out, also because a definitive assembladrge is still lacking, paradoxically,

for the very presence of these confounding repetgiements themselves.
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Bird migrations could also account for the recemgé scale homogenization of
sheep tick populations across mainland Europegeasral studies showed passerines
infestation by ixodid ticks also during migratiddumair et al., 1993; Hasle et al., 2011,
Comstedt et al., 2006; Waldenstrom et al., 200Mt@no et al., 2014; Dubska et al.,
2009). Dinnis et al. (2014), founding genetic drgouity between tick populations in
British Isles and Latvia, by using a multilocus sences typing on mtDNA genes,
discussed the effectivity of bird-mediated tickpdissal. As emerges from Figure 5.3
and Fig. 5.4, the British Isles are not part of thain south-west/north-east passerine
migrations, which reduces the possibility of incamibirds carrying ticks from north-
eastern Europe where Latvia lies. Italy, insteadléarly part of the north-east, south-
west post-breeding migration route and is recoghiae a wintering locality for the
north-central European breeding population of passe (Busse, 2001; Spina and
Volponi, 2008), and a breeding site for north-Admcwintering species. The genetic
discontinuity found between the mainland and thiéidBr Isles, supports the hypothesis
that birds play an important role in tick dispessahd could largely explain the lack of
geographical structuring inricinus ticks in mainland Europe, as well as in PAT, which
also lies along the important migration routes dbsd above. Climate change (i.e.
increases in the mean temperature), inducing aandgt questing period and reducing
winter mortality, may additionally enhance tick pkssal by birds during the autumn
migrations by increasing the tick-load per bird atsb by promoting their survival in

the new environment.

165



Fig. 5.3 Numbers of foreign ringed birds recovearetialy for each Country of origin (above);
movements of foreign ringed birds recovered iryl{aknter), and Italian ringed birds recovered
abroad (below). AE. rubeculaB. T. merula C. T. philomelogSpina & Volponi, 2008;
ISPRA)

Fig. 5.4 Bird migratory routes at the Eurasian-édrscale clearly showing Italy at the center of
a south-west/north-east route (red), while thei€ritsles, seem to be part of a more western
migration route (blue). Downloaded froftp://www.seen-net.eu/index.php?pg=mapflyways.
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Deer C. elaphusandC. capreolu¥ and foxes V. vulpe$ play an important role
in regional scale admixture of tick population, &ese of the relevant number of all tick
stages they can host and spread with their movegvtet al., 2010; Carpi et al.,
2008; Dumitrache et al., 2014; Meyer-Kaiser et &012). In PAT, it is well-
documented that populations of these species aaepieriod of consistent growth and
establishment in peri-urban and urban forest aredsgre they can introduce and
maintain tick populations, increasing concern foblg health protection (Rizzoli et al.,
2014; Mackenstedt et al., 2015). Specifically, adole deer €. capreolus)show
territorial behavior during spring and summer, thé habit of the dominant male to
chase away subadults, could lead to a quick diapefsparasitizing ticks over long
distances. In additional, autumn migrations couddec variable distances, from the
usual few thousand metres up to 100 km (Vor et2810; Cagnacci et al., 2011).
Unstable and size-variable home ranges and floatidigiduals often occur in red fox
populations making them effective in ticks dispe(Ealb, 1984; Cavallini, 1996).

In the Alps, including PAT, cattle and sheep (babognized sheep tick hosts;
Gray, 1998; also proven by this study) transhumdrasebeen practiced for centuries;
although recently much reduced, this practice stilurs. Cattle transhumance involves
a vertical movement of the animals from the vabbeytom up to the mountain pastures,
while sheep flocks follow longer routes, from the Plain up to Alpine summer grazing
(Bunce et al., 2004); in both cases, the influennel. ricinus dispersal is almost
certainly relevant, allowing ticks to cross geodnmapl barriers rarely attempted by wild
ungulates (i.e. large rivers; high mountain chaifie modern introduction of acaricide
treatments will have reduced the role of domestttadnimals in tick dispersal;

however, recent studies have shown an upsurge ttdé qeathogens vectored Hdy
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ricinus in wild populations of ungulates and in questil§gg, suggesting, on one hand,
the continuing importance of cattle and sheepck énd related diseases dispersal, and
on the other, the presence of neglected wild resesrvfor domesticated animal
pathogens ticks (Lopez-Olvera et al., 2009; Rizeolal., 2014 and reference therein).
At a global scale, the role of increased worldwi@dasportation of livestock in new tick
species and tick-borne disease introductions in amas is well-known (reviewed in
Léger et al., 2013).

Human-mediated tick dispersal at a local scaleatao be attributed to leisure
activity accompanied by dogs (i.e. hiking and hogti The importance of dogs in tick
dispersal and tick population maintenance, supgddethe first time by our bloodmeal
analysis, is related to the potential ability oésk animals to introduce infected ticks
into the urban environment where a variety of uradapted hosts could maintain tick
populations (such as foxes) and the epidemiologmaile of the consequently
introduced pathogen (passerines birds, rodentsn@edtivores; Rizzoli et al., 2014).

From the findings of this study the complexity dfet TBD system clearly
emerges, even at the regional scale, and showk ti@nus ticks exploit a large variety
of competent and non-competent vertebrate hostshwhen disperse the ticks over a
wide range of distances according to the vagilitthe host species itself. Therefore, the
relationship between host biodiversity and zoonatiseases need to be carefully
evaluated according to the diseases and localbrateecommunity of interest, in order
to give better estimates of TBD prevalence andctirgact rate for human populations
(reviewed in Pfaffle et al., 2013; Bolzoni et &012). Bloodmeal analysis in questing
ticks represents an efficient way to perform suehraestigation, as it gives estimates

of the actual host use, including the associatiih wagile hosts that may not always be
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resident in a certain area (i.e. field observatwiisnot be effective), but that contribute
to tick population persistence (maintenance hast$d specific TBD introductions and
prevalence (reservoir/competent hosts).

The results obtained by the application of the gedgéveloped protocol for
bloodmeal analysis in PAT questing ticks, are darégsting example of the importance
of this indirect way to monitor tick-host use anketpossible epidemiological
implications. In fact, our results from PAT werertpaularly interesting in the light of
the recent review of Rizzoli et al. (2014) regagdirBD hazard in peri-urban and urban
habitat. Large forest covers over the 50% of thevidce and fauna includes most of the
species recognized both as important competentviase for Borrelia burgdorferis.|.,
TBE virus andAnaplasma phagocytophiland as tick maintenance hosts. Villages, as
well as the main cities in PAT, are embedded iralr@cosystems where wild hosts
could interact with domesticated animals and wieenployment (rangers, lumberjacks,
farmers) and leisure activities (hunting, walkirfggshing) may enhance the human
contact rate with infected ticks. Therefore, iegdemiologically relevant that rodents,
the most important reservoir host group for bBttburgdorferis.l. and TBEv, and deer,
implicated in the tick population maintenance antpkfication, are widely exploited as
larval bloodmeal source in both EXTF and PATF hatbiin PAT (31.7% and 24.5%
respectively), establishing the basis for diseageatd as a result of infected tick
presence in both habitats (Bolzoni et al., 20112 PATF sites the presence of passerine
ground-foraging birds is more pronounced; the rofe this host group in the
epidemiology ofB. burgdorferi s.I. and in feeding TBEv infected ticks is widely
recognized (Waldenstrom et al., 2007; Lommano egt2814; Humair et al., 1993;

Dubska et al., 2009). Birds and deer may benadinfthe presence of accessible field
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crops and ornamental vegetation for their foragind sheltering in the PATF habitat,
while Soricomorpha, generally negatively affectey babitat fragmentation and
agricultural activities (Canova and Fasola, 199pin8zzi et al., 2012), are more
represented in EXTF. The percentage of bloodmdatsireed from dogs is particularly
concerning, and is especially high in the foredtlpes near urban areas (24.5%). The
role of dogs in the epidemiology of TBD is stilltndefined. They do not appear to be
an amplification host for TBEv (Pfeffer and Dobl20Q11), or reservoir hosts for Lyme
diseaseBorrelia spp. agents (Bhide et al., 2004); however, theylbmaheavily infested
by ticks and thus, contribute to tick populationim@nance. More importantly for
human tick bite risk, they could also vector inéettticks, acquired during visits to
natural forest, into peri-urban and urban parks gadiens where they may later drop
off and parasitize humans (Trotta et al., 2012k&sret al., 2014; Rizzoli et al., 2014)
or more competent hosts (i.e. passerine birds eaehts).

In PAT, as already pointed out, livestock transhoioeais still practiced regularly.
Interestingly, wild sheep or mouflo®( aries musimoinpopulations are also present,
often in the same grazing areas, and their digtabypartially overlaps with tick current
and potential habitat. Unfortunately, we are natently able to discriminate between
bloodmeals derived from wildX. aries musimagnor the domestic sheeP(arie9, but
it would particularly interesting to do so sincéés recently been reported that mouflon
could serve as wild reservoir host Ahaplasma sppas do deer, or other pathogens
(various strains oBabesiaspp.) from domesticated animals (Lopez-Olvera .e2809;
Rizzoli et al., 2014 and reference therein). Funeseearch should aim at identifying a

more suitable mtDNA molecular marker(s) for thisgmse, even if other authors claims
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this may not be possible, because of their closetge relatedness (Lorenzini et al.,
2011).

The occurrence of multiple bloodmeals in 10.7% led hymphs screened was
observed in previous bloodmeal studies (Moran Caslemnal., 2007; Allan et al., 2010;
Gray et al., 1999); moreover, Gray et al. (1999embed the occasional collection of
semi-engorged larvae by blanket dragging, thus auipg the reliability of mixed
bloodmeals findings by molecular analysis in nymphke ability to have multiple
bloodmeals, and its causes, deserves an in deptlysen In fact, co-infections in
questing ticks at both nymphal and adult stage bleas widely observed (Leutenegger
et al., 1999; Kurtenbach et al., 2001; Pichon 2003, 2005, 2006; Swanson et al.,
2006; Reis et al., 2011), as well as human casgegrdgefrom multiple infection from a
single tick bites proved to occur and the derivédical pathology showed complex
patterns that make diagnosis and prophylaxis ahgiltg (Swanson et al., 2006;
Mitchell et al., 1996; Nadelman et al., 1997). Nhl# infections were explained up to
now by transtadial/transovarial pathogen transmmssand acquisition of additional
pathogens by successive meals taken at differagest(Reis et al., 2011; Swanson et
al., 2006); however a significant source of suchinfection could derive from
repetitive bloodmeals at the same stage, resuhitige mixed bloodmeal identifications

reported here, and elsewhere.

5.4 Futureresearch
The applied methodologies developed and describeasl grovide new knowledge
regarding tick-host interactions and provide thesiddor improved epidemiological

models. The complex interactions taking place irDT8/stems and the global changes
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we are continuously facing stimulate new questfongurther research. Specifically for

the Real-time HRMA bloodmeal analysis protocol présd here, in addition to the

technical improvements presented in section 5.2hdu investigations are needed to
determine whether mixed bloodmeals of species withe same host group are being
overlooked (Albonico et al., 2013; McCarthy et aD13). As noted by Moran Cadenas
et al. (2007) and in the discussion above, furtesting should be also done to confirm
whether the multiple host DNA is a result of volamyt drop off and secondary questing
by the tick (true mixed bloodmeals), involuntaryeimupted feeding, or unsuccessful
attachment. It would be interesting to test thermapd method with a large sample in
urban parks tick populations to validate the gravpublic health concern that dogs
play a significant role in increasing tick-humanntact rate, and identify possible

control strategies to decrease disease risk.

Analysis of the large genomic data produced forricinus by RAD-Seq
technology are still far from being concluded. Egample, past demographic scenarios
are currently being analysed as part of another $thBent at the University of Ferrara.
As already pointed out, possible bias in the segugnresults may be related to the
high presence of repetitive elements in the genant#or, according to Van Zee et al.
(2013), to the high density of SNPs along the gemdimat could have promoted allele
drop-out because of mutation in the restrictioe sekquence (Gautier et al., 2012), as
also pointed out by Quillery et al. (2013). The iaklity of a reference genome for
ricinus would largely improve the confidence in SNP cagliand the investigation of
such genomic features that, as discussed above,pmayde the genetic variation
necessary to allow ticks to successfully interaithwuch a large variety of vertebrate

species. Identification of SNPs in gene codingargicould be performed thanks to the
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paired-end RAD-Seq format chosen, which allowsciteation of contig sequences, and
would permit allocation in a annotated genome andgr design; however, the
effectiveness of alignment against annotated gesarhether arthropod species needs
to be tested, as alignment against ithecapularisgenome has already proven to be
unsatisfactory. And, least but not last, the idemaiion of suitable markers for
distinguishing male and female ticks, would be vesgful for identifying sexes at all
life cycle stages, useful for many epidemiologicplestions, such as sex-biased
dispersal and assortative pairing.imicinus, as reported for microsatellites analysis (De

Meeds et al., 2002; Kempf et al., 2009b; Kempflet2810).
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6. CONCLUSIONS

Two molecular methods were optimized here for fing time for I. ricinus:
bloodmeal analysis in questing nymphs by Real-tif&MA and RAD-Seq NGS for
population genetic investigations. These two mdercmethods represent innovations
in the laboratory practice and analysis of the stigated vector and the results obtained
thus far are proof-of-principle of their validitiowever, there is still need of technical
improvements for the bloodmeal method, and theyaisabf the large set of generated
RAD-Seq genomic data would benefit from the reledsal. ricinus reference genome.

My results from both approaches imply thHaticinus is a medium- to long-
distance disperser, mediated by the habit to feedbiods, deer, foxes, dogs and
livestock, and it is confirmed by the fact that ptgtions are genetically highly
admixed. | also showed for the first time that detitedogs are important tick hosts in
some areas.

This knowledge could be combined with the othetibiand abiotic factors to
model TBD incidence and emergence, as well theaspoé the vector in new climatic
suitable areas. The new bloodmeal analysis protmmdl also be applied in other areas
to identify important host communities and predict control TBD dynamics; in fact, |
have already had several requests in this regérel epidemiological relevance of dogs
as principall. ricinus larval hosts deserves further specific attentiomelation human

tick bite risk and to the increasing reported cadagban infected tick populations.
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8. APPENDI X

Appendix 1 Part of the host group alignments of previoushblhed GenBank
MtDNA sequences created using Clustal X v. 2.0aietegarding primer positioning.

MUROIDEA_d-100p

AY588255.1 A.sylvaticus
AY588252.1 A.sylvaticus
AY588253.1 A.flavicollis
AY588264.1 A.flavicollis
AY588253.1 A.flavicollis
AB042523.1 M.musculus
AP013031.1 M.musculus
AB042524.1_M.musculus
AP013030.1 M.musculus
AM712111.1 M.glareolus
AP367197.1 M.glareolus
AM712101.1 M.glareolus
AM712094.1 M.glareolus
AM712103.1 M.glareolus
AM712108.1 M.glareolus
AM712090.1 M.glareolus
AP010406.1 O.aries#
EU259145.1 C.hircus#
FJ207539.1 R.rupicapra#
EU600302.1 C.capreolus#
AY172679.1 C.familiaris#
JN711443.1 V.vulpes#
HQ200177.1_H.sapiens

AYS88255.1 A.sylvaticus
AY588252.1 A.sylvaticus
AYS588253.1 A.frlavicollis
AYS588264.1 A.rlavicollis
AYS588253.1 A.flavicollis
AB042523.1 M.musculus
AP013031.1 M.musculus
AB042524.1 M.musculus
AP013030.1 M.musculus
AM712111.1 M.glareolus
AF367197.1 M.glareolus
AM712101.1 M.glareolus
AM712094.1 M.glareolus
AM712103.1 M.glareolus
AM712108.1_M.glareolus
AM712090.1_M.glareolus
AF010406.1 0.arles#
EU259145.1 C.hircus#
FJ207539.1 R.rupicapra#
EU600302.1 C.capreolus#
AY172679.1 C.familiaris#
JN711443.1 V.vulpes#
HQ200177.1_H.sapiens

AYS88255.1 A.sylvaticus
AYS588252.1 A.sylvaticus
AYS588253.1 A.flavicollis
AYS88264.1 A.flavicollis
AYS88253.1 A.flavicollis
AB042523.1 M.musculus
AP013031.1 M.musculus
AB042524.1 M.musculus
AP013030.1 M.musculus
AM712111.1 M.glareolus
AF367197.1 M.glareolus
AM712101.1_M.glareolus
AM712094.1_M.glareolus
AM712103.1 M.glareolus
AM712108.1 M.glareolus
AM712090.1 M.glareolus
AF010406.1 O.arles#
EU259145.1 C.hircus#
FJ207539.1 R.rupicapra#
EU600302.1 C.capreolus#
AY172679.1 C.rfamiliaris#
JN711443.1 V.vulpes#
HQ200177.1_H.sapiens

HRM_Rod_CR_F >TCTGGTTCTTACTTCAGGGC

CATAA-CACTTGGGGGTAGCTAATCT -GAMCTTTATCAGGCATCTGGTTCTTACTTCAGGGCCATCAA
CATAA-CACTTGGGGGTAGCTAATCTTGAMCTTTATCAGGCATCTGGTTCTTACTTCAGGGCCATCAA
CATAA-CACTTGGGGGTAGCTAAACT -GAMCTTTATCAGACATCTGGTTCTTACTTCAGGGCCATCAA
CATAA-CACTTGGGGGTAGCTAAACT -GAMCTTTATCAGACATCTGGTTCTTACTTCAGGGCCATCAA
CATAA-CACTTGGGGGTAGCTAAACT -GAMCTTTATCAGACATCTGGTTCTTACTTCAGGGCCATCAA
CATTA-AACTTGGGGGTAGCTAAACT -GAAMCTTTATCAGACATCTGGTTCTTACTTCAGGGCCATCAA
CATTA-AACTTGGGGGTAGCTAAACT -GAACTTTATCAGACATCTGGTTCTTACTTCAGGGCCATCAA
CATTA-AACTTGGGGGTAGCTAAACT -GAAMCTTTATCAGACATCTGGTTCTTACTTCAGGGCCATCAA
CATTA-AACTTGGGGGTAGCTAAACT -GAAMCTTTATCAGACATCTGGTTCTTACTTCAGGGCCATCAA
CATAA-AACTTGGGGGTGACTAATGT -GAAMCTTTACCAGGCATCTGGTTCTTACTTCAGGGCCATTCA
CATTTTAACTTGGGGGTAGCTAATGT -GAAMCTTTATCAGACATCTGGTTCTTACTTCAGGGCCATTCA
CATAA-AACTTGGOGGTGACTAATGT -GAMCTTTACCAGGCATCTGGTTCTTACTTCAGGGCCATTCA
CATAA-AACTTGGOGGTGACTAATGT -GAAMCTTTACCAGGCATCTGGTTCTTACTTCAGGGCCATTCA
CATAA-AACTTGGGGGTGACTAATGT -GAAMCTTTACCAGGCATCTGGTTCTTACTTCAGGGCCATTCA
CATAA-AACTTGGGGGTGACTAATGT -GAAMCTTTACCAGGCATCTGGTTCTTACTTCAGGGCCATCCA
CATAA-AACTTGGGGGTGACTAATGT -GAMCTTTACCAGGCATCTGGTTCTTACTTCAGGGCCATTCA
CACTA-ACTGTGGGGGTAACTATTTAATGAACTTTAACAGGCATCTGGTTCTTTCTTCAGGGCCATCTC
CATCA-ACOGTGGGGGTAGCTATTTAATGAACTTTATCAGACATCTGGTTCTTTCTTCAGGGCCATCTC
CATTA-ATTGTGGEGGTAGCTATTTAATGAACTTTATCAGACATCTGGTTCTTTCTTCAGGGCCATCTC
CATAA-ATOGTGGEGGTAGCTATTTAATGAACTTTATCAGACATCTGGTTCTTTCTTCAGGGCCATCTC
CATACTAACGTGGGGGTTACTATCAT -GAMCTATACCTGGCATCTGGTTCTTACTTCAGGGCCATAAC
CATATCAACGTGGGGGTTTCTATCAT -GGAACTATACCTGGCATCTGGTTCTTACCTCAGGGCCATTCT
CATAA-CACTTGGGGGTAGCTAAAGT - -GAACTGTATCCGACATCTGGTTCCTACTTCAGGGTCAT -AA
R TEREEAT wwn D e L A

ATGCGTTATCGCCCATACGT - - - - TCCCCTTAAATAAGACATCTCGATGG - TA - OCGGGTCTAATCAGCCA
ATGCGTTATCGCCCATACGT - - - -TCCCCTTAAATAAGACATCTCGATGG - TA - OCGGGTCTAATCAGCCA
ATGCGTTATCGCCCATACGT - - - - TCCCCTTAATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCA
ATGCGTTATCGCCCATACGT - - - -TCCCCTTAATAAGACATCTCGATGG - TA - OCGGGTCTAATCAGCCA
ATGCGTTATCGCCCATACGT - - - -TCCCCTTAATAAGACATCTCGATGG - TA - OCGGGTCTAATCAGCCA
ATGCGTTATCGCCCATACGT - - - - TCCCCTTAAATAAGACATCTCGATGG - TATOGGGTCTAATCAGCCC
ATGCGTTATCGCCCATACGT - - - - TCCCCTTAAATAAGACATCTCGATGG - TATOGGGTCTAATCAGCCC
ATGCGTTATCGCCCATACGT - - - -TCCCCTTAAATAAGACATCTCGATGG - TATOGGGTCTAATCAGCCC
ATGCGTTATCGCCCATACGT - - - - TCCCCTTAAATAAGACATCTCGATGG - TATOGGGTCTAATCAGCCC
ATGTTTTATCGTCCATACGT - - - -TCCCCTTAAATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCC
ATGTTTTATCGTCCATACGT - - - -TCCCCTTAAATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCC
ATGTTTTATCGTCCATACGT - - - -TCCCCTTAAATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCC
ATGTTTTATCGTCCATACGT - - - - TCCCCTTAAATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCC
ATGTTTTATCGTCCATACGT - - - -TCCCCTTAAATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCC
ATGTTTTATCGTCCATACGT - - - -TCCCCTTAAMATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCC
ATGTTTTATCGTCCATACGT - - - - TCCCCTTAAMATAAGACATCTCGATGG - TA - OGGGTCTAATCAGCCC
ATCTAAAMTCGCCCACTCTT - - - - TCCCCTTAAMTAAGACATCTCGATGGACT - AATGACTAATCAGCCC
ACCTAAMATCGCCCACTCTT - - - -COCTCTTAAMTAAGACATCTCGATGGACT - AATGACTAATCAGCCC
ATCTAGAATCGCCCATTCTT - - - - TCCTCTTAAMATAAGACATCTCGATGGACT -GGTGACTAATCAGCCC
ATCTAAMTCGCCCACTCTT - - - - TCCTCTTAAMTAAGACATCTCGATGGACT - AATGACTAATCAGCCC
- TTTATTTACTCCAATCCTACTAATTCTOGCAM TGGGACATCTCGATGGACT - AATGACTAATCAGCCC
GCTTGTTCACTCCAATCCTACTAATCCTCTCAAMTGGGACATCTCGATGGACT - AATGACTAATCAGCCC
AGCCTAAMTAGCCCACACGT - - - - TCCCCTTAAMTAAGACATCACGATGGATCACAGGTCTA-TCACCCT

L - L LA AR FEREEE AR EREN *OREE EEE

C ATAGCOGTC AAGGCATGAA«< HRM Rod CR R

GCTGTGACTCAGC -ATAGCOGTC - AAGGCATGAAGGG - CAACTTATCATGTAGCTG
GCTGTGACTCAGC -ATAGCOGTC - AAGGCATGAAGGG - CAACTTATCATGTAGCTG
GCTGTGACTCAGC - ATAGCOGTC - AAGGCATGAAGGG - CAACTTATCATGTAGCTG
GCTGTGACTCAGC -ATAGCOGTC - AAGGCATGAAGGG - CAACTTATCATGTAGCTG
GCTGTGACTCAGC -ATAGCOGTC - AAGGCATGAAGGG - CAACTTATCATGTAGCTG
ACTTTCA-TCAAC-ATAGCOGTC - AAGGCATGAAAGGACAGCACACAGTCTAGACG
ACTTTCA-TCAAC-ATAGCOGTC - AAGGCATGAAAGGACAGCACACAGTCTAGACG
ACTTTCA-TCAAC-ATAGCOGTC - AAGGCATGAAAGGACAGCACACAGTCTAGACG
ACTTTCA-TCAAC-ATAGCOGTC - AAGGCATGAAAGGACAGCACACAGTCTAGACG
GGTATCACTCAGC -ATAGCOGTC - AAGGCATGAAGGT - CAACTTATAGTCTAGCTG
GGTATCACTCAGC -ATAGCOGTC - AAGGCATGAAGGT - CAACTTATAGTCTAGCTG
GGTATCACTCAGC -ATAGCOGTC - AAGGCATGAAGGT - CAACTTATAGTCTAGCTG
GGTATCACTCAGC -ATAGCOGTC - AAGGCATGAAGGT - CAACTTATAGTCTAGCTG
GGTATCACTCAGC -ATAGCOGTC - AAGGCATGAAGGT - CAACTTATAGTCTAGCTG
GGTATCACTCAGC -ATAGCOGTC - AAGGCATGAAGGT - CAACTTATAGTCTAGCTG
GGTATCACTCAGC -ATAGCOGTC - AAGGCATGAAGGT - CAACTTATAGTCTAGCTG
GCTTGGACTCAGCTATGGCOGTCTGAGGCCT -GACCCGGAGCATGAATTGTAGCTG
GCTTGGACTCAGCTATGGCOGTCTGAGGCCCOGACCCGGAGCATAAATTGTAGCTG
GCTTGGACTCAGCTATGGCOGTCAGAGGCCCOGACCCGGAGCATCAATTGTAGCTG
GCTTGGACTCAGCTATGGCOGTCAAAGGCCCOGACCCGGAGCATAAATTGTAGCTG
GCTATCACTCACCTACGACOGCA-ACGGCACTAACTC -TAACTTATCTTCTGCTCT
GCTATCACTCAGCTATGACOGCA - ACGGCACTAACTC-TAACCTA-CATCTGCACT
GATAGCATTGOGA -GACGCTGGA -GCCGGAGCACCCTATGTCGCAGTATCTGTCTT
- . . * - .
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SORICIDAE_d-1lo0p

NC 006893.1 C.russula
AY769264.1 C.russula
AY769263.1 C.russula
X90952.1 C.russula
X90951.1 S.araneus
X78798.1 S.araneus
EU384669.1 S.antinorii
EU384681.1 S.antinorii
AY918370.1 C.leucodon
AY918369.1_C.leucodon
AYS918371.1 C.leucodon
JF510393.1 S.minutus
AF010406.1 O.arles#
EU259145.1 C.hircus#
EU887455.1 R rupicapra#
EU600294.1 C.capreolus#
JQ004399.1 C.elaphus#
AF367197.1 C.glareolus#

AY588252.1 A.sylvaticus#
AY588264.1 A.rflavicollis#
EU740415.1 C.familiaris#

JN711443.1 V.vulpes#
HQ200177.1_H.sapiens

NC 006893.1 C.russula
AY769264.1 C.russula
AY769263.1 C.russula
X90952.1 C.russula
X90951.1 S.araneus
X78798.1 S.araneus
EU384669.1 S.antinorii
EU384681.1 S.antinorii
AY918370.1 C.leucodon
AY518369.1 C.leucodon
AY518371.1 C.leucodon
JP510393.1 S.minutus
AF010406.1 O.aries#
EU259145.1 C.hircus#
EU887455.1_R_rupicapra#
EU600294.1_C.capreolus#
JQ004399.17C.elaphus#
AF367197.1 C.glareolus#

AY588252.1 A.sylvaticus#
AY588264.1 A.rflavicollis#
EU740415.1 C.rfamiliaris#

JN711443.1 V.vulpes#
HQ200177.1_H.sapiens

NC 006893.1 C.russula
AY769264.1 C.russula
AY769263.1 C.russula
X90952.1 C.russula
X90951.1 S.araneus
X78798.1 S.araneus
EU384669.1 S.antinorit
EU384681.1 S.antinorit
AY$18370.1 C.leucodon
AY918369.1 C.leucodon
AY918371.1 C.leucodon
JP510393.1_S.minutus
AF010406.1_0.aries#
EU259145.1 C.hircus#
EU887455.1 R rupicapra#
EU600294.1 C.capreolusé#
JQ004399.1 C.elaphus#
AF367197.1 C.glareolus#

AY588252.1 A.sylvaticus#
AY588264.1 A.rflavicollis#
EU740415.1 C.rfamiliaris#

JN711443.1 V.vulpes#
HQ200177.1_H.sapiens

HRM_Inset DL F >TCAGCCCAT  GCOGACACAT

TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCOGACACATAACTGTGGTGTCATACATTTG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCOGACACATAACTGTGGTGTCATACATTIG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCOGACACATAACTGTGGTGTCATACATTIG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCOGACACATAACTGTGGTGTCATACATTTG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGATTTCTIGCATTTG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGATTTCTTGCATTTG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGGTTICTTGCATTIG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGGTTTCTTGCATTTG-G
CAAGATAACCTATTGGAT - - TTTCATGCGTCAGCCCAT - - -GCOGACACATAACTGTGGTGTCATGOGGTTG-G
CAAGATAACCTATTGGAT - - TTTCATGCGTCAGCCCAT - - -GCOGACACATAACTGTGGTGTCATGOGGTTG-G
CAAGATAACCTATTGGAT - - TTTCATGCGTCAGCCCAT - - -GCOGACACATAACTGTGGTGTCATGOGGTTG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGATTTICTTGCATTIG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCCTA-ACATAACTGTGGTGTCATGCATTTG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGCTGTCATACATTTG-G
TAAGACATCTOGATGGAC - TGGTGACTAATCAGCCCAT - - -GCTCACACATAACTGTGCTGTCATACATTTG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGGTGTCATACATTIG-G
TAAGACATCTOGATGGAC - TAATGACTAATCAGCCCAT - - -GCTCACACATAACTGTGGTGTCATACATTTG-G
TAAGACATCTOGATGGTA - OGG-GTCTAATCAGCCCAT - - -GCCTA-ACATAACTGTGGTCTCGGGCAGTTG-G
TAAGACATCTOGATGGTA - OGG-GTCTAATCAGCCAAG- - - -ACTTC - CATAACTGTGGTCTCGAGCAGTTG-G
TAAGACATCTOGATGGTA - OGG-GTCTAATCAGCCAAG- - - -ACTTC - CATAACTGTGGTCTCGGGCAGTTG-G
GCGTACACGTGCGTACACGTGCGTACACGTGOGTACACGT -GCGTACACGTGCGTACACGTGCGTACACGTGOG
GTACACACGTACGTACACACGTACACACGTACGTACACAC-GTACACACGTACGTACACACGTACACACGTACG

TAAGACATCACGATGGAT - CACAGGTCTATCACCCTATT - -AACCACTCACGGGAGCTCT - CCATGCATTTG-G
. . . * . s ® &

TATCTTTAATTTTTIGGGGG- - -GA- -~~~ GAGCTTGCTA- -TGACTCOGC -TAACAT - - - -TTAATCTOGCCAA
TATCTTTAATTTTTIGGGGG- - -GA- - - -~ GAGCTTGCTA- -TGACTCOGC -TAACAT - - - -TTAATCTOGCCAA
TATCTTTAATTTTTIGGGGG- - -GA- - - -~ GAGCTTGCTA- -TGACTCOGC - TAACAT - - - -TTAATCTOGCCAA
TATCTTTAATTTTTTGGGGG- - -GA- -~~~ GAGCTTGCTA- -TGACTCOGC-TAACAT - - - -TTAATCTOGCCAA
TATCTAATTTTTTTGGGGGG- - -GGA- - - -GAGCTTGCTA - - TGATCCAGC - TAACAT - - - -TTAATCTCGCCAA
TATCTAATTTTTTTGGGGGG- - -GGA- - - ~-GAGCTTGCTA - - TGATCCAGC - TAACAT - - - -TTAATCTOGCCAA
TATTTAATTTTTTTGGGGGG- - -GGA- - - ~-GAGCTTGCTA - - TGATCCAGC - TAACAT - - - -TTAATTTOGCCAA
TATTTAATTTTTTTGGGGGG- - -GGA- - - ~-GAGCTTGCTA - - TGATCCAGC - TAACAT - - - -TTAATTTOGCCAA
TATCTTTAATTTTTAGGGGG- - -GA- -~~~ GAGCTTGCTA- -TGACTCCAC-TAACAT - - - -TTAATTTCACCAA
TATCTTTAATTTTTAGGGGG- - -GA- -~~~ GAGCTTGCTA- -TGACTCCAC-TAACAT - - - ~-TTAATTTCACCAA

TATTTTTITAATTTT- - 0GGG- - -ATGGTATCACTCAGC-A- -TAGCCGTC - - -AAGG- - - CATGAAGGTCAACTT
TATTTTITTATTTT- - TAGG- - -ATGCTGTGACTCAGC-A - -TAGCCGTC - - -AAGG - - - CATGAAGGGCAACTT
TATTTTITTATTTT- - TAGG- - ~ATGCTGTGACTCAGC-A- -TAGCCGTC - - -AAGG - - - CATGAAGGGCAACTT
TACACGTGOGTACACGTGCGTACACGTGOGTACACGTGCG - - TACACGTGC -GTACACGTGCGTACACGTACGTA

GGCTT ATTCTCTAT GGGGGC< HRM Inset DL R

TGCAGTTGTAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCGAAGTAGTTATTACAACCGTA
TGCAGTTGTAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCGAAGTAGTTATTACAACCGTA
TGCAGTTGTAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCGAAGTAGTTATTACAACCGTA
TGCAGTTGTAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCGAAGTAGTTATTACAACCGTA
ATCAATTGAAGCTGGGCTT - -ATTCTTTAT - -GGGGGCCCGANMAGATTATGTTATTATGG
ATCAATTGAAGCTGGGCTT - -ATTCTTTAT - -GGOGGCCGAMAGATTATGTTATTATGG
ATCAGTTGAAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCGAMAGGTGATGCTATCATGA
ATCAGTTGAAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCCGAMAGGTAATGCTATCATGA
TACAGTTGTAGCTGGGCTT - -ATTCTCTAT - -GGOGGCCAAAGTAATTATTCTTAGCGTA
TACAGTTGTAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCAAAGTAATTATTCTTAGCGTA
TACAGTTGTAGCTGGGCTT - -ATTCTCTAT - -GGGGGCCGAAGTAGTTATTATTAGCGTA

AT--AGTCTAGCTGGACTT - - CCTATTAAG - TATCATTTATCCOCATCAATACCCCTGCA
AT--CATGTAGCTGGACTT - - TAAGTGAAG - GGTCATTAATCCACATAACCAMATCATCG

AT--CATGTAGCTGGACTT - - TAAGTGAAG -GATCATTAATCCACATAACCAAATCATCG
CACGTACGTACACGTGOGTACACGTACGTACACGTGCGTACACGTACGTACACGTACGTA
CAC- -ACGTACACACGTACACACGTAC- -ACACGT- - -~ - - ACGTACGTACAC- -ACGTA
CCC-TATGTCGCAGTATCT - -GTCTTTG-ATTCCTGCCTCATCCTATTATT TATOGCAC -
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PASSERIFORMES 125

KJ676688 E.rubecula
KJ676686 T.merula
AP484935.1 T.philomelos
AM302522.1 T.philomelos
KJ676687 T.philomelos
FN675614.1 T.philomelos
AY012102 S.araneus#
EU740412.1_C.1.familiaris#
JN711443.1_V.vulpes#
AY121990.17C.capreolus#
AY184430.1 C.elaphus#
AJ849535.1 C.hircus#

NC 001941.1 O.aries#
AY670666.1 R.rupicapra#
AP441243.1 C.russula#
AJ311131.1 A.sylvaticus#
AJ311164.1 A.flavicollis#
AJ250356.1 C.glareolusé#
JN989561.1_H.sapiens

KJ676688 E.rubecula
KJ676686 T.merula
AP484935.1 T.philomelos
AM302522.1 T.philomelos
KJ676687 T.philomelos
FN675614.1 T.philomelos
AY012102 S.araneus#
EU740412.1 C.1.familiaris#
JN711443.1_V.vulpes#
AY121990.1_C.capreolus#
AY184430.17C.elaphus#
AJ849535.1 C.hircus#

NC 001941.1 O.aries#
AY670666.1 R.rupicapra#
AP441243.1 C.russula#
AJ311131.1 A.sylvaticus#
AJ311164.1 A.flavicollis#
AJ250356.1 C.glareolus#
JNS89561.1_H.sapiens

XJ676688 E.rubecula
KJE76686_T.merula
AP484935.1 T.philomelos
AM902522.1 T.philomelos
XJ676687 T.philomelos
FN675614.1 T.philomelos
AY012102 S.araneus#
EU740412.1 C.1.familiaris#
JN711443.1 V.vulpes#
AY121990.1 C.capreolus#
AY184430.1 C.elaphus#
AJ849535.1 C.hircus#

NC 001941.1 O.arles#
AY670666.1 R.rupicapra#
AP441243.1 C.russula#
AJ311131.1 A.sylvaticus#
AJ311164.1 A.flavicollis#
AJ250356.1 C.glareolus#
JN989561.1_H.sapiens

HRM_Pass_12SF2 >ATCCACGATATTACCTGACCATT

ACCCACCTAGAGGAGCCTGTTCTGTAATCGATGATCCACGATATTACCTGACCATTTCTTGCCCAAMACAGCC
ACCCACCTAGAGGAGCCTGTTCTGTAATCGATGATCCACGATATTACCTGACCATTCCTTGCACGAAACAGCC
ACCCACCTANAGGAGCCTGTTCTGTAATCGATGATCCACGATATTACCTGACCATTTCTTGCACGAAACAGCC
ACCCACCTAGAGGAGCCTGTTCTGTAATCGATGATCCACGATATTACCTGACCATTTCTTGCACGAAACAGCC
ACCCACCTAGAGGAGCCTGTTCTGTAATCGATGATCCACGATATTACCTGACCATTTCTTGCACGAAACAGCC
ACCCACCTAGAGGAGCCTGTTCTGTAATCGATGATCCACGATATTACCTGACCATTCCTTGCACGAAACAGCC
ATCCCTCTAGAGGAGCCTGTTCTGTA -TCGATAAACCCCCGATAAACCTCACCACCCCTTGCTAA-TTCAGCT
ATCCCTCTAGAGGAGCCTGTTCTATAATCGATAAACCCC -GATAAMCCTCACCACCTTTCGCTAA-TTCAGTC
ATCCCTCTAGAGGAGCCTGTTCTATAATCGATAACCCC -GATAACCTCACCATCCCTTGCTAA-TACAGTC
ACCCTTCTAGAGGAGCCTGTTCTATAATCGATAAMCCCC -GATAGACCTCACCACCCCTTGCTAA-TACAGTC
ACCCTTCTAGAGGAGCCTGTTCTATAATCGATAACCCC -GATAAMCCTCACCATTCCTTGCTAC-TACAGTC
ACCCTTCTAGAGGAGCCTGTTCTATAATCGATAACCCC -GATAAMCCTCACCAATCCTTGCTAA-TACAGTC
ACCCTTCTAGAGGAGCCTGTTCTATAATCGATAAACCCC -GATAACCTCACCAATCCTTGCTAA - TACAGTC
ACCCTTCTAGAGGAGCCTGTTCTATAATCGATAACCCC -GATAAMCCTCACCAATCCTTGCTAA - TACAGTC
ATCCATCTAGAGGAGCCTGTTCTATAATCGATACACCCC-GATCAACCTCACCACTTCTTGCTAA-TTCCGCC
ATCCATCTAGAGGAGCCTGTTCTATAATCGATACACCCC-GATCTACCTCACCATCTCTTGCCAAATTCAGCC
ATCCATCTAGAGGAGCCTGTTCTATAATCGATACACCCC-GATCTACCTCACCATCTCTTGCCAAATTCAGCC
ATCCATCTAGAGGAGCCTGTTCTATAATCGATAAACCCC-GCTATACCTCACCACCACTTGCTAA-TTCAGCC
ATCCCTCTAGAGGAGCCTGTTCTGTAATCGATAAMCCCC -GATCAACCTCACCACCTCTIGCT - - - - - CAGCC

TATATACCGCCGTCGCCAGCTCACCTTCCCTGACAGCCCAACAGTGAGCGCAATAGCCCTACTACGCTAGTAAG
TATATACCGCCGTCGCCAGCCCACCTTTCCTGATAGCCCAACAGTGGACGCAATAGCCTAACC - OGCTAGCAAG

TATATACCGCCGTCGCCAGCCCACCTTTCCTGACAGCCCAACAGTGGACGCAATAGCCTAACC - OGCTAGTAAG
TATATACCGCCGTCGCCAGCCCACCTTTCCTGACAGCCCAACAGTGGACGCAATAGCCTAACC - OGCTAGTAAG
TATATACCGCCGTCGCCAGCCCACCTTTCCTGACAGCCCAACAGTGGACGCAATAGCCTAACC - OGCTAGCAAG
TATATACCGCCATCTTCAGCGAACCCTA - AAAA - GGCATAACAGTAAGCAAGAACATG - - - AGACATAMAACG
TATATACCGCCATCTTCAGCAMCCCTC - AAAA - GGTAGAACAGTAAGCACAATCATT - - - TTACATAMINAG
TATATACCGCCATCTTCAGCAMCCCTT - AMAA - GGTAGAGCAGTAAGCAGGATCATC - - - ACGCATAMINAG
TATATACCGCCATCTTCAGCAMCCCTA - AMAA - GGAATAMAGTAAGCACAACCATC - - - ATACATAMIACG
TATATACCGCCATCTTCAGCAMCCCTA - AMAA - GGTACAAAGTAAGCACAATCATA - - ~-ATACATAAMAACG
TATATACCGCCATCTTCAGCAMCCCTA - AAAA - GGAACAAIAGTAAGCTCAATCACA - - -ACACATAMGACG
TATATACCGCCATCTTCAGCAMCCCTA - AAAAGCCGACAIAGTAAGCTCAATAATA - - - ACACATAMAGACG
TATATACCGCCATCTTCAGCAACCCTA - AMAA - GGAACANIAGTAAGCTCAATCATA - - -GCACATAMGACG
TATATACCGCCATCTTCAGCAMCCCTT - AAAA - GGCATAGTAGTAAGCCCAAACATC - - - TTACATAAMAACG
TATATACCGCCATCTTCAGCAMCCCTA - AAAA - GGAATATAAGTAAGCACAAGAA - C - - - AAGCATTAAAACG
TATATACCGCCATCTTCAGCAMCCCTA - AAAA - GGAACATAAGTAAGCACAAGAA - C- - - AAGCATTAMNCG
TATATACCGCCATCTTCAGCAMCCCTA - AAAA - GGAATAMAGTAAGCAAGAGAATC - - - AC-CATAMAACG
TATATACCGCCATCTTCAGCAMCCCTG - ATGAAGGCTACAAAGTAAGCGCAAGTA - C- - -CCACGTAMGACG

GGAATGG AAGCAATGGGCTA« HRM Pass_12S R2

ACAGGTCAAGGTATAGCCTATGGAATGG - AAGCAATGGGCTACATTTTCTAAAT - -TAGAACA- - - -TAC
ACAGGTCAAGGTATAGCCCACGGAATGG - AAGCAATGGGCTACATTTTCTAGAC - -TAGAACA- - - -TAC
ACAGGTCAAGGTATAGCCTATGGAATGG - AAGCAATGGGCTACATTTTCTAGAT - -TAGAACA- - - -TAC
ACAGGTCAAGGTATAGCCTATGGAATGG - AAGCAATGGGCTACATTTTCTAGAT - -TAGAACA- - - -TAC
ACAGGTCAAGGTATAGCCCACGGAATGG -AAGCAATGGGCTACATTTTCTAGAC - -TAGAACA- - - -CAC
TTAGGTCAAGGTGTAGCTTATGAGGTGGGAAGA A TGGGCTACATTTTCTATTAACTAGAACAT - - -TTA
TTAGGTCAAGGTGTAACTTATGAGGTGGGAAGAAATGGGCTACATTTTCTACCC - - AAGAACATT - -TCA
TTAGGTCAAGGTGTAACTTATGGGATGGGAAGAAATGGGCTACATTTTCTATTT -TAAGAACACT - -TTA
TTAGGTCAAGGTGTAACCTATGAGGTGGGAAGAN A TGGGCTACATTTTCTAATT - TAAGAAAACTTAACA
TTAGGTCAAGGTGTAACCTATGGAACGGAAAGIAATGGGCTACATTTTCTAATC -TAAGAAAATCCAACA
TTAGGTCAAGGTGTAACCCATGGAATGGGAAGINAATGGGCTACATTTTCTACCT - - TAAGAAAATTAATA
TTAGGTCAAGGTGTAACCTATGGAGTGGGAAGAAATGGGCTACATTTTCTACCC - - AAGAAAATTTAATA
TTAGGTCAAGGTGTAACCTATGGAGTGGGAAGAAATGGGCTACATTTTCTATTT -CAAGAAAATTTAACA
TTAGGTCAAGGTGTAGCTTATGGAGTGGAAAGAAATGGGCTACATTTTCTAAMA -ATAGAATACTT - TTA
TTAGGTCAAGGTGTAGCCAATGAGGTGGGAAGAMATGGGCTACATTTTCTTTAC-AAAGAACA- - - -TTA
TTAGGTCAAGGTGTAGCCAATGAGATGGGAAGMMATGGGCTACATTTTCTTTAC-AMAGAACA- - - -TCA
TTAGGTCAAGGTGTAGCCAATGTOGTGGGAAGCAATGGGCTACATTTTCTTACC-A-AGAACA- - - -TTA
TTAGGTCAAGGTGTAGCCCATGAGGTGGCAAGAAATGGGCTACATTTTCTACCC - -CAGAAAA - - - -CTA
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CANIDAE_a-1loop

JN711443.1
GQ374180.1
AM181037.1
AY177656.1
AY177644.1
AY177652.1
AY177660.1
AY172678.1
AY172679.1

V.vulpes
V.vulpes
V.vulpes
C.familiaris
C.familiaris
C.familiaris
C.ramiliaris
C.rfamiliaris
C.familiaris

NC 002008.4 C.familiaris

EU740415.1

FJ817364.1
AY656751.1

AYE56745.1
AY588264.1
AY588252.1
AF367197.1
JQ0043985.1
EU600314.1
EU259145.1
AF010406.1
EU887455.1
AY769263.1
AY918370.1

X78798.1 S.
HQ200179.1 ]

JN711443.1
GQ374180.1
AM181037.1
AY177656.1
AY177644.1
AY177652.1
AY177660.1
AY172678.1
AY172679.1

C.familiaris
C.familiaris
C.familiaris
C.familiaris
A.frflavicollis#
A.sylvaticus#
C.glareolus#
C.elaphus#
C.capreolus#
C.hircus#
O.arles#

R rupicapra#
C.russula#
C.leucodon#
araneus#
H.sapiens

V.vulpes
V.vulpes
V.vulpes
C.familiaris
C.familiaris
C.ramiliaris
C.rfamiliaris
C.rfamiliaris
C.familiaris

NC 002008.4 C.familiaris

EU740415.1
FJ817364.1
AYE56751.1
AY656745.1

AY588252.1
AF367197.1
JQ004355.1
EU600314.1
EU259145.1
AF010406.1
EU887455.1
AY769263.1
AY918370.1
X78798.1 S

JN711443.1
GQ374180.1
AM181037.1
AY177656.1
AY177644.1
AY177652.1
AY177660.1
AY172678.1
AY172679.1

C.familiaris
C.familiaris
C.familiaris

~C.ramiliaris
AYS588264.1

A.rflavicollis#
A.sylvaticus#
C.glareolus#
C.elaphus#
C.capreolus#
C.hircus#
O.arles#

R rupicapra#
C.russula#
C.leucodon#

.araneus#
HQ200179.1 |

H.sapiens

V.vulpes
V.vulpes

V.vulpes

C.familiaris
C.familiaris
C.familiaris
C.familiaris
C.familiaris
C.familiaris

NC 002008.4 C.familiaris

EU740415.1
FJ817364.1
AY656751.1

AY656749.1
AY588264.1

AY588252.1
AF367197.1
JQ004395.1
EU600314.1
EU259145.1
AF010406.1
EU887455.1
AY769263.1
AYS918370.1
X78798.1 S

C.rfamiliaris
C.familiaris
C.familiaris
C.ramiliaris
A.flavicollis#
A.sylvaticus#
C.glareolus#
C.elaphus#
C.capreolus#
C.nircus#
O.arles#

R rupicapra#
C.russula#
C.leucodon#

.araneus#
HQ200179.1_]

H.saplens

HRM_can DL_F >CC GCA ACGGCACTAACTC TA
ACTTGCTATCACTCAGCTATGACC- - - - - - - GCA- - ACGGCACTAACTC- TAACCTA - CATCTGCACTCAG
ACTTGCTATCACTCAGCTATGACC- - - - - - - GCA- - ACGGCACTAACTC- TAACCTA - CATCTGCACTCAG
ACTTGCTATCACTCAGCTATGACC- - - - - - - GCA- - ACGGCACTAACTC- TAACCTA - CATCTGCACTCAG
ATCTGCTATCACTCACCTACGACC- - - - - - - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - - - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - - - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - -~ - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - -~ - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - -~ - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - - -~ GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - - - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCATCTACGACC- - - - - - - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - - -~ GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
ATCTGCTATCACTCACCTACGACC- - - - - - - GCA- - ACGGCACTAACTC- TAACTTATCTTCTGCTCTCAG
- -ATGCTGTGACTCAGC-ATAGCC- - - - = - - GTC- - AAGGCAT-GARGGGCAACTTATCATGTAGCTGGAC
- - ATGCTGTGACTCAGC-ATAGCC- - - - - - - GTC- - AAGGCAT-GAAGGGCAACTTATCATGTAGCTGGAC
- -ATGGTATCACTCAGC - ATAGCC- - - - - - - GTC- - AAGGCAT-GAAGGTCAACTTATAGTCTAGCTGGAC
- - ATGCTTGGACTCAGCAATGACC- - - - - - - GTCTGGCGGTCOCGTCCCGGAGCATGAATTGTAGCTGGAC
- - ATGCTTGGACTCAGCTATGGCC- - - - - - - GTC- ARAGGCCOCGACCCGGAGCATAAATTGTAGCTGGAC
- - ATGCTTGGACTCAGCTATGGCC - - - - - - - GTC- TGAGGCCOCGACCCGGAGCATAAATTGTAGCTGGAC
- - ATGCTTGGACTCAGCTATGGCC- - - - - - - GTC-TGAGGCCT-GACCCGGAGCATGAATTGTAGCTGGAC
- - ATGCTTGGACTCAGCTATGGCC- - - - - - - GTC-AAAGGCCOCGACCCGGAGCATCAATTGTAGCTGGAC

GCTTGCTATGACTCCGCTAACATTTAATCTOGCC - AATGCAGTTGTAGCTGGGCTTATTCTCTATGGGGGC
GCTTGCTATGACTCCACTAACATTTAATTTCACC - AATACAGTTGTAGCTGGGCTTATTCTCTATGGGGGC
GCTTGCTATGATCCAGCTAACATTTAATCTOGCC - AAATCAATTGAAGCTGGGCTTATTCTTTATGGGGGC

------ TATGCACGCGATAGCATT - - - - - - -GCG-GGAC - -GCTGGAGCCGGAGC - ACCCTATGTOGCAGT
GGAATATGCCCGTCGOGGCCCOGACGCAGTCAG- ATGATCTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCOGACGCAGTCAG- ATGATCTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCOGACGCAGTCAG- ATGATCTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAACGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAACGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAACGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAATGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAATGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAATGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAATGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAATGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGGATATGCCCGTCGOGGCCCTAATGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAACGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
GGAATATGCCCGTCGOGGCCCTAACGCAGTCAA - ATAACTTGTAGCTGGACTTATTCATTA - - - - - - TCATT
TTTAAGTGAAGGATCATTAATCCACATAACCAA-ATCATOGA-AGGCTAATATCT - - - TAA- - - - - - TGCTT
TTTAAGTGAAGGGTCATTAATCCACATAACCAA - ATCATOGC -AGACTAATTAAT - - - TAA- - - - - - TGTTT
TTCCTATTAAGTATCATTTATCCCCATCAATAC- CCCTGCAACAGATTAATTAATGGCTCA - - - - - - GGACA
TT- - AACTGCATCTTGAGCATCCCCATAATGGT - AGGCATGG -GCATG- -GCAGT - - -CAA- - - - - - TGGT-
TT- - AACTGCATCTTGAGCATCCCCATAATGGT - AGGCATGG -ACATG - -GCAGT - - -CAA- - - - - - TGGT-
TT- - AACTGCATCTTGAGCATCCCCATAATGGT - AGGCATGG -GCAT - - TGCAGT - - - TAA- - - = - - TGGT-
TT- - AACTGCATCTTGAGCATCCTCATAATGGT - AAGCATGG -GCATAATATAAT - - - TAA- - = - - TGGT-
TT- - AACTGCATCTTGAGCATCCCCATAATGGT - AAGCATGG -GCAT - - - OGAGT - - - TAA- - - - - - TGGT-

CGAAGTAGT TAT TACAACOGTACT TATTCTCTTGATATGGTACATATGGTTTAATGATCTAAAGACATAACT
mwrunAncrrmca'rAmamrmwnumumumm'ruucnum

TATCA- - -ACTCCOG- - -TGCACAAT- - - - - -~ TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAA
TATCA- - -ACTCOG- - -TGCACAAT- - -~ - -~ TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAA
TATCA- - -ACTCOG- - -TGCACAAT- - - - - -~ TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAA
TATCA- - -ACTC-A- - -CGCATAMA - - - - -~ TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TATCA- - -ACTC-A- - -CGCATAMAA - - - - - - TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TATCA- - -ACTC-A- - -CGCATAMA - - - - - - TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TATCA- - -ACTC-A- - -CGCATAMA - - - - - - TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TATCA- - -ACTC-A- - -CGCATAAAA - - - - -~ TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TATCA- - -ACTC-A- - -CGCATAMA - - - - - = TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TATCA- - -ACTC-A- - -CGCATAMAA - - - - - - TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TATCA- - -ACTC-A- - -CGCATAMA - - - - - - TCAAGGTGCTATTC - - -AGTACATGGT - - -AGTACACGT

-TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT

TATCA- - -ACTC-A- - -CGCATAAGA -
TATCA- - -ACTC-A- - -CGCATAAAA -

TATCA- - -ACTC-A- - -CGCATAMA - - - - -~ TCAAGGTGCTATTC - - -AGTCAATGGTTTCAGGACATAT
TTTCG- - -GACATA- - -TTACTTTAA- - -~~~ TTTCACTTGTTTTTCCTAGTTAMAATTTTTGACGACA
TCTCG- - -GACATA- - -TTACTTTAA- - -~~~ TTTCACTTAATTATTATAATTANMIATTTITATACCAATA
TAACA- - -CAAGCA - - -GTACTAATA- - - - - - ATGCAAMTGCTTTTITCCACCTACCAACCC - - - - - CCGTA
CACAG- - -GACATA- - -ATCATTATT---- -~ TCATGAGTCAACCCT - - -AAGATCTATTTCCCCCCCCTG
AGCAG- - -GACATA- - -ATTATTATT- - - - -~ TCACGACTCAACCCT - - -ACTATTCTTTTCCCCCCCCTT
CACAG- - -GACATA- - -TTTATTATG- - - - -~ TTGCATTTCA--~-=-=-===~ TCATGCATCCGCTCCACCTT
CACAG- - -GACATA- - -TCTGCTGTA- - - - -~ TOGTGCAT---=======~ TTATATATTC-----~ TTIT
CACAG- - -GACATA- - -ACTATTACG- - - - -~ TOGCACATC---======~ CCTTATA---~-~--~=~ CTT

TAAGAAGCCTCATAAAGTCTATTGTCAGACTTAATTGTATTTACTTGCTAACATACTATTAAGAGCAATTA

ATTCA- - -AGAAGA - - -CTTAGAAATTTATTGTCTGACTTAATT TTATTTACTTGCTAGCATATTATTATA

CATAAATTGACAAA - - -ACTGGTGTAAGTACAGGAGAM TGGATTCAG - GTAAMMATAATCAATGGTCACA
AAGTGTGTT
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CAPRINAE 128

GU350354.1 O.aries
GU350352.1 O.arles
GU229279.1 C.hircus
HM236185.1 O.arles
HM236179.1 O.arles
HM236184.1 O.arles

NC 001941.1 O.aries
FJ207539.1 R.rupicapra
AY670666.1 R.rupicapra
AM158314.1 R.rupicapra
AJ849535.1_C.hircus
AY184430.1_C.elaphus
AY184439.17C.capreolus

AJ311164.1 A.rflavicollis

AJ311131.1 A.sylvaticus
AJ250356.1 C.glareolus
JN711443.1 V.vulpes

EU740412.1 C.1.familiaris

AY012102 S.araneus
AF484935.1 T.philomelos
JNS89561.1 Homo

GU350354.1 O.aries
GU350352.1 O.aries
GU229279.1 C.hircus
HM236185.1 O.aries
HM236179.1 O.aries
HM236184.1 O.aries

NC 001941.1 O.aries
FJ207539.1 R.rupicapra
AY670666.1 R.rupicapra
AM158314.1_R.rupicapra
AJ849535.1_C.hircus
AY184430.17C.elaphus
AY1844139.1 C.capreolus

AJ311164.1 A.rflavicollis

AJ311131.1 A.sylvaticus
AJ250356.1 C.glareolus
JN711443.1 V.vulpes

EU740412.1 C.1.familiaris

AY012102 S.araneus
AF484935.1 T.philomelos
JNS89561.1_ Homo

GU350354.1 O.arles
GU350352.1 O.aries
GU229279.1 C.hircus
HM236185.1 O.aries
HM236179.1 O.aries
HM236184.1 O.aries

NC 001941.1 O.aries
FJ207539.1 R.rupicapra
AY670666.1 R.rupicapra
AM158314.1_R.rupicapra
AJ849535.1_C.hircus
AY184430.17C.elaphus
AY184439.1 C.capreolus

AJ311164.1 A.rflavicollis

AJ311131.1 A.sylvaticus
AJ250356.1 C.glareolus
JN711443.1 V.vulpes

EU740412.1 C.1.familiaris

AY012102 S.araneus
AF484935.1 T.philomelos
JN989561.1_ Homo

HRM Ovi 125 F >TAAATCTOGTGCCAGCCA

GACTAAGCCATATTGACC - - AGGGTTEGTAMTCTOGTGCCAGCCACCGOGGTCATACGATTGACCCAAG
GACTAAGCCATATTGACC - - AGGGTTEETAMTCTOGTGCCAGCCACCGOGGTCATACGATTGACCCAAG
GACTAAGCCATGTTGACC - - AGGGTTEETAMTCTOGTGCCAGCCACCGOGGTCATACGATTAACCCAAG
GACTAAGCCATATTGACC - - AGGGTTEGTAMTCTOGTGCCAGCCACCGOGGTCATACGATTGACCCAAG
GACTAAGCCATATTGACC- - AGGGTTGGTAMTCTOGTGCCAGCCACCGOGGTCATACGATTGACCCANG
GACTAAGCCATATTGACC- - AGGGTTEGTAMTCTOGTGCCAGCCACCGOGGTCATACGATTGACCCAAG
GACTAAGTCATATTGACC - - AGGGTTGGTAMTCTOGTGCCAGCCACCGOGGTCATACGATTGACCCAAG
GACTAAGCCATATTGATT - - AGGGTTGGTAAMTCTOGTGCCAGCCACCGOGGTCATACGATTAACCCGAG
GACTAAGCCATATTGATT - - AGGGTTGGTAAMTCTOGTGCCAGCCACCGOGGTCATACGATTAACCCGAG

GACTAAGCCATATTAATC- - AGGGTTOGTAMTTTOGTGCCAGCCACCGOGGTCATACGATTAACCCAAG
GACTAAGCCATATTAATT - - AGGGTTOGTAMTCTOGTGCCAGCCACCGOGGTCATACGATTAACCCAAG
GACTAAGCTATACCTCTA- - AGGGTTGGTAATCTOGTGCCAGCCACCGOGGTCATACGATTAACCCAMA
GACTAAGCTATACCTCTA- - AGGGTTOGTAMTTTOGTGCCAGCCACCGOGGTCATACGATTAACCCAAA
GACTTAGTCATGCCTCTTC-AGGGTTOGTAAATTTOGTGCCAGCCACCGOGGTCATACGATTAACCCAAA
GACTAAGTTATACTAMG - - AGGCTTEETAMTTTOGTGCCAGCCACCGOGGTCATACGATTAACCCGAA
GACTAAGCCATACTAMT - - AGGGTTEETAMTTTOGTGCCAGCCACCGOGGTCATACGATTAACCCAAA
GACTAAGTTATGCTAACAT - AGGCTTEGTAMTTTOGTGCCAGCCACCGOGGTCATACGATTAACCCAAA
GACTTAGCCATAGCAAATC - AGAGCCOETAMTCCTGTGCCAGCCACCGOGGTCATACAGGAGGCTCAMA
AACTAAGCTATACTAACCCCAGGGTTGGTCAATTTOGTGCCAGCCACCGOGGTCACACGATTAACCCANG

CTAACAGGAGTACGGCGTAAAGCGTGTTAA- - -~ ==~ = AGCATCATACTAMTAGAGTTAAMTTTTAATTA
- - AGCATCATACTAMTAGAGTTAAATTTTAATTA
- - AGCACTACATCAMATAGAGTTAAATTCTAATTA
- - AGCATCATACTAMTAGAGTTAAATTTTAATTA
- ~AGCATCATACTAMATAGAGTTAAATTTTAATTA
- -AGCATCATACTAMATAGAGTTAAATTTTAATTA
- -AGCATCATACTAMATAGAGTTAAATTTTAATTA
TTAACAGGAATACGGCGTAMACGTGTTAA - - - = - AGCACCTCACAIMATAGAGTTAAATATTAGTTA
== =AGCACCTCACAAAATAGAGTTAAATATTAGTTA
== =AGCACCTCACCAAATAGAGTTAAATATTAGTTA

CTAACAGGAATACGGCGTAMACGTGTTAA- - == ~AGCACTACATCAAATAGAGTTAAATTCTAATTA
TTAATAGGCACACGGCGTAAAGCGTGTTAA- - - - AGCACTATACTAMATAAGTTAAATTCCAATTA
TTAATAGGCACACGGCGTAAAGCGTGTTAA- - == =AGCATTATATAZAATAAGGTTCAATTCTAATTA

== =TAGAA - ATTACAAATAGAACTAAATCCAACTA

CTAATTACCTCTCGGCGTAAAACGTGCTAAC- - - - - - - TAGAA - ACAACAAATAGAACTAMATCCAACTA

CTAATTA- TTCTCGGCGTAAAACGTGTTACT - - - - - - -GGGACCACANIAATAGAATTGAAATCCATCCA
CTAATAGGCCCACGGCGTAAAGCGTGTTTAA - - - - - - ~GATAACATATTAC - TAAMAGTTAAMACTTAACTA
CTAATAGGCCTACGGCGTAAAGCGTGTTCAA - - - - - - = GATACTTTTACAC- TAAAGTTAAMACTTAACTA
TTAATAGGCA - ACGGCGTAAAGCGTGTTAAAGAMG - CTATACCCACACAAATAAGACANIATTTAACTA
TTAACTTTATAACGGCGTAAAGAGTGGTCGCA - - - - - TGTTATCCAAGTAGCTAAGATTAMMAGCAACTG

TCAATAGAAGC - CGGCGTAAAGAGTGTTTTAGA - - - - TCACOCCCTCCCCAATAAAGCTAAAACTCACCTG

ATGACGAMGTAACCCTAC< HRM Ovi 125 R

AACTGTAMMAGCCATAATT - -ATAACAAAAAT - - AAMATGACGAAGTAACCCTACAATAGC - - - - - = TGA
AACTGTAMMAGCCATAATT - -ATAACAAMAT - - AAATGACGAMAGTAACCCTACAATAGC - - - - - - TGA
AACTGTAMMAGCCATAATT - -ACAACAAAAAT - - AGATGACGAAGTAACCCTACTGCAGC - - - - - = TGA
AACTGTAMMAGCCATAATT - -ATAACAAAAAT - - AAMATGACGAMGTAACCCTACAATAGC - - - - - = TGA
AACTGTAMRMAGCCATAATT - -ATAACAAAAT - - AMATGACGAMGTAACCCTACAATAGC - - - - - = TGA
AACTGTAAMMAGCCATAATT - -ATAACANAAT - - AAMATGACGAMGTAACCCTACAATAGC - - - - - = TGA
AACTGTAMPAGCCATAATT - -ATAACANAAT - - AAMATGACGAMGTAACCCTACAATAGC - - - - - = TGA
AACTGTANMPAGCCATAACT - -ATAACAAIMAT - - AAATGACGAMGTAACCCTACAGCAGC - - - - - - TGA
AACTGTAAMAGCCATAACT - -ATAACAAAAAT - - AAMATGACGAAGTAACCCTACAGCAGC - - - - - = TGA
AACTGTAMPAGCCATAACT - -ATAACAARAAT - - AAMATGACGAAGTAACCCTACAGTAGC - - - - - = TGA
AACTGTAAMMAGCCATAATT - -ACAACAAAAAT - - AGATGACGAAGTAACCCTACTGCAGC - - - - - = TGA
AGCTGTAMMAGCCATAATT - -GCAACAAIMAT - - AAATAACGAMAGTAACTTTACAGCCGC - - - - - - TGA
AGCTGTAAMMAGCCATAATT - -ATAATGAAMAT - - AGATAACGAMGTAACTTTAAMCAGC - - - - - = TGA
ATATGTGAJMATTCATTGTTC-GGCCCTAAMAT - - CAATAACGAMGTAGTTCTAATAATTT - - - - - - TAC
ATATGTGAAMTTCATTGTTA-GGACCTAAGCT - - CAATAACGAAAGTAGTTCTAATAATTC - - - - - = TAC
ATATGTGAAMATTCATCGTT - -GGACTTAAMAY - - CAGTAACGAMGTAATTCTAATTCACC - - - - - - TGA
AGCOGTAMMAGCTACAGTT - -ACCAT - AAAAT - - ATACTACGAAAGTGACTTTAAMATTTT - - - - - - CTG
AGCOGTAMUMAGCTACAGTT - -ATCAT - AAMAT - - AAACCACGAMAGTGACTTTATAATAAT - - - - - - CTG
AGCTGTAGAAAGCAACAGTT - - AAMACTAAGAT - - ACACTACGAMGTGACTTTATTACAGC - - - - - - TGA
AGCTGTCATAAGCCCAAGATG - CCCATAAGGCCTCOGTCTTCAAAGAAGATCTTAGAACAACGATTAATTG
AGTTGTAMRMAACTCCAGTT - -GACACAAAAT - - - AAMACTACGAMGTGGCTTTAACATATC - - - - - - TGA
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CERVIDAE_a-loop

EU436771.1 C.elaphus
EU436777.1 C.elaphus
EU436773.1 C.elaphus
AP291887.1 C.elaphus
NC 007704.2 C elaphus
JQ004399.1 C.elaphus
EUS44179.1 C.elaphus
CEU12867 C.elaphus

EU436781.1 C.elaphus
EUS44182.1_C.elaphus
AF291886.1_C_elaphus

EU544183.1
EU544185.1
EU544184.1
EU544180.1
EU600308.1
AY625825.1
EU600300.1
EU600300.1
EU600304.1
EU600304.1
EU600306.1
EU600296.1
EU600294.1
EU600302.1
EU600310.1
EU600312.1
JN632610.1
EU600314.1
EU600316.1
AY625819.1
AY625823.1

.elaphus
elaphus
elaphus
elaphus
capreolus
capreolus
capreolus
capreolus
capreolus
capreolus
capreolus
capreolus
capreolus
capreolus
.capreolus
capreolus
capreolus
capreolus
capreolus
capreolus
C.capreolus

NnNOoNNNNNNNNNNNNNNNNNN

X78798.1 S.araneus#

AY76926371
AY918370.1
AF010406.1
EU887455.1
EU740415.1
JN711443.1
AY588252.1
AY588264.1
AF367197.1
EU259145.1
HQ200179.1

EU436771.1
EU436777.1
EU436773.1

_C.russula#

C.1leucodon#
O.arles#
R rupicapra#
C.familiaris#
V.vulpes#
A.sylvaticus#
A.flavicollis#
C.glareolus#
C.hnircus#

_H.saplens

C.elaphus
C.elaphus
C.elaphus

AF291887.1 C.elaphus
NC 007704.2 C elaphus
JQ004399.1 C.elaphus
EU544179.1 C.elaphus
CEU12867 C.elaphus

EU436781.1 C.elaphus
EU544182.1 C.elaphus

AF291886.1_C_elaphus
EU544183.1°C-elaphus

EUS44185.17C.elaphus
EUS44184.1 C.elaphus
EUS44180.1 C.elaphus
EU600308.1 C.capreolus
AY625825.1 C.capreolus
EU600300.1 C capreolus
EU600300.1 C.capreolus
EU600304.1 C capreolus
EU600304.1 C.capreolus
EU600306.1 C.capreolus
EU600296.1 C.capreolus
EU600294.1 C.capreolus
EU600302.1 C capreolus
EU600310.1 C .capreolus
EU600312.1 C.capreolus
JN632610.1 C.capreolus
EU600314.1 C.capreolus
EU600316.1 C capreolus
AY625819.1 C.capreolus
AY625823.1 C.capreolus
X78798.1 S.araneus#
AY769263.1_C.russula#
AY918370.17C.leucodon
AF010406.170.arles#
EU887455.1 R rupicapra’
EU740415.1 C.familiaris#
JN711443.1 V.vulpes#
AY588252.1 A.sylvaticus#
AY588264.1 A.flavicollis#
AF367197.1 C.glareolus#
EU259145.1 C.hircusé
HQ200179.1 H.sapiens

HRM_Ung DL _F >CGATGGACTAATGACTAATCA

TAAMATCGOCCACTCCT - - - - TGTAAT - - -ATTAGACATCTCGATGGACTAATGACTAATCAGCCCAT -GCTCACACATAACTGT
TAAMTCGOCCACTCCT - - - -TGTAGT - - -ATTAGACATCTCGATGGACTAATGACTAATCAGCCCAT -GCTCACACATAACTGT
TAWMATCGOCCACTCCT - - - -TGTAGT - - -ATTAGACATCTCGATGGACTAATGACTAATCAGCCCAT -GCTCACACATAACTGT
TAMWATCGOCCACTCCT - - - - TGCAAT - - - ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAWATCGOCCACTCCT - - - - TGCAAT - - - ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAWMATCGOCCACCCCT - - - - TGCAAT - - - ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAATCGOCCACCCCT - - - - TGCAAT - - - ATAAGACATCTCGATGGACTAATCACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCCT - - - - TGCAAT - - - ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCCT - - - - TGTAGT - - -ATTAGACATCTCGATGGACTAATGGCTAATCAGCCCAT - GCTCACACATAACTGT
TAAMTCGOCCACTCCT - - - - TGTAGT - - -ATTAGACATCTCGATGGACTAATGGCTAATCAGCCCAT -GCTCACACATAACTGT
TAAWATCGOCCACTTCT - - - - TGTAGT - - -ATTAGACATCTCGATGGACTAATGGCTAATCAGCCCAT -GCTCACACATAACTGT
TAWATCGOCCACTCCT - - - - TGCAAT - - -ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAMWMATCGOCCACTCCT - - - - TGCAAT - - -ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT -GCTCACACATAACTGT
TAMATCGOCCACTCCT - - - - TGCAAT - - - ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT -GCTCACACATAACTGT
TAAMATCGOCCACTCCT - - - - TGCAAT - - -ATAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAWMATCGOCCACTCTT - - - - TCCTCTTAMTAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCCCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCCCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAWATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAWATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCTCTTAMTAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCTCTTAMTAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCTCTTAMTAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAMATCGOCCACTCTT - - - - TCCTCTTAMTAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAWATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAWATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAWATCGOCCACTCTT - - - - TCCTCTTAAMTAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAWATCGOCCACTCTT - - - - TCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TAAATCCGOCCATTCAT - - - - TCCCCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCCGACACATAACTGT
---------- AAGATAACCTATTGGATTT - TCATGOGTCAGCCCAT -GCCGACACATAACTGT
TAMATCGOCCACTCTT - - - - TCCCCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT -GCCTA - ACATAACTGT
TAGMTCGOCCATTCTT - - - - TCCTCTTAMTAAGACATCTCGATGGACTGGTGACTAATCAGCCCAT - GCTCACACATAACTGT
TATTTACTCCAATCCTACTAATTCTOGCAM TGGGACATCTCGATGGACTAATGACTAATCAGCCCAT -GATCACACATAACTGT
TGTTCACTOCAATCCTACTAATCCTCTCAMTGGGACATCTCGATGGACTAATGACTAATCAGCCCAT -GATCACACATAACTGT
CGTTATCGCCCATACGT - - - - TCCCCTTAAATAAGACATCTCGATGGTACGG -GTCTAATCAGCCAAG - ACTTC - -CATAACTGT
CGTTATCGOCCATACGT - - - - TCCCCTTAMTAAGACATCTCGATGGTACGG - GTCTAATCAGCCAAG - ACTTC - - CATAACTGT
TTTTATCGTCCATACGT - - - - TCCCCTTAAMTAAGACATCTCGATGGTACGG -GTCTAATCAGCCCAT -GCCTA - ACATAACTGT
TAAMTCGOCCACTCTT - - - - CCCTCTTAM TAAGACATCTCGATGGACTAATGACTAATCAGCCCAT - GCTCACACATAACTGT
TA-AATAGOCCACACGT - - - - TCCCCTTAM TAAGACATCACGATGGATCACAGGTCTATCACCCTATTAACCACTCACGGGAGC

?

GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GGCTGGC - - - -GETCCCE
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGGGA - - - - - - - TGCTTGGACTCAGCAATGACC- - -GGCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC- - -GTCTGAC- - - -GGTCCTG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGGC - - - -GETCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTAGC - - - -GETCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGGGA - - - - - - - TGCTTGGACTCAGCAATGACC- - -GTCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGGC - - - -GETCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGGGA - - - - - - - TGCTTGGACTCAGCAATGACC- - -GTCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGGC - - - -GETCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGGGA - - - - - - - TGCTTGGACTCAGCAATGACC- - -GTCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGGC - - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTAATTTTTGGGGAGA - - - - - - - TGCTTGGACTCAGCAATGACC - - -GTCTGAC- - - -GGTCCCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCE
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGGGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCCCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC- - -GTCARA- - - - - GGCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGGGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCE
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCE
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGGGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC- - -GTCARA- - - - - GGCCOCE
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGGGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCCCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC- - -GTCARA- - - - - GGCCOCG
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC- - -GTCARA- - - - - GGCCOCE
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGAGA - - - - - - - TGCTTGGACTCAGCTATGGCC- - -GTCARA- - - - - GGCCOCE
GGTGTCATACATTTGGTATTTTTTAATTTTTGGGGGA - - - - - - - TGCTTGGACTCAGCTATGGCC - - -GTCARA- - - - - GGCCOCG
GATTTCTTGCATTTGGTATCTAN

TTTTTTTGGGGOGGGAGAGCTTGCTATGATCCAGCTAACATTT - AATCTOGCCAAATCAATTG
GGTGTCATACATTTGGTATCTTTAATT T TTTGGGGGGAG - AGCTTGCTATGACTCCGCTAACATTT - AATCTOGCCAATGCAGTTG
GGTGTCATGCGGTTGGTATCTTTAATTTTTAGGGGGGAG - AGCTTGCTATGACTCCACTAACATTT - AATTTCACCAATACAGTTG

GGCCCCG
TCT-CCATGCATTTGGTATTTTOG - - - TCTGGGGGGTATGCACGCGATAGCATTGCGGGACGCTG - GAGCCGGAGCACC - -CTATG
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EU436781.1
EU544182.1
AF291886.1
EU436771.1
EU436777.1
EU436773.1
AF291887.1
NC 007704.
JQ004395.1
EU544179.1

.elaphus
.elaphus
elaphus
.elaphus
.elaphus
.elaphus
C.elaphus
2 C elaphus
C.elaphus
C.elaphus

c
c
e
c
c
c

CEU12867_C.elaphus
EU544183.1 C.elaphus

EU544185.1 C.elaphus
EU544184.1 C.elaphus
EU544180.1 C.elaphus
EU600308.1 C.capreolus
AY625825.1 C.capreolus
EU600300.1 C capreolus
EU600300.1 C.capreolus
EU600304.1 C capreolus
EU600304.1 C.capreolus
EU600306.1 C.capreolus
EU600296.1 C.capreolus
EU600294.1 C.capreolus
EU600302.1 C capreolus
EU600310.1 C .capreolus
EU600312.1 C.capreolus
JN632610.1 C.capreolus
EU600314.1 C.capreolus
EU600316.1 C capreolus
AY625819.1 C.capreolus
AY625823.1 C.capreolus
X78798.1 S.araneus#
AY769263.1 _C.russula#
AYS918370.1_C.leucodon#
AF010406.1 O.arles#
EU887455.1 R rupicapra#
EU740415.1 C.ramiliaris#
JN711443.1 V.vulpes#
AY588252.1 A.sylvaticus#
AY588264.1 A.rlavicollis#
AF367197.1 C.glareolus#
EU259145.1 C.hircus#
HQ200179.1_H.sapiens

CATCTTGA GCATCCCCAT AA< HRM Ung DL R

GCATCCCCAT - -AATGGTAGGCATGG- -GCATG - -GCAGT
-GCATCCCCAT - -AATGGTAGGCATGG - -GCATG -
-GCATCCCCAT - -AATGGTAGGCATGG - -GCATG -
-GCATCCCCAT - - AATGATAGGCATGG - -GCATG-
-GCATCCCCAT - -AATGGTAGGCATGG - -GCATG-
TCCCGGAGCATGAATTGTAGCTGGACTT - ~-AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGG - -GCATG - -
~GCATCCCCAT - -AATGGTAGGCATGG- -GCATG - -
-GCATCCCCAT - -AATGGTAGGCATGG - -GCATG - -GCAGT
-GCATCCCCAT - -AATGGTAGGCATGG - -GCATG - -
-GCATCCCCAT - -AATGGTAGGCATGG - -GCATG - -
GCATCCCCAT - - AATGGTAGGCATGG- -GCATG - -GCAGT
GCATCCCCAT - - AATGGTAGGCATGG- -GCATG - -GCAGT
GCATCCCCAT - - AATGGTAGGCATGG- -GCATG - -ACAGT
GCATCCCCAT - -AATGGTAGGCATGG- -ACATG - -ACAGT
GCATCCCCAT - -AATGGTAGGCATGG- -GCATG - -ACAGT
GCATCCCCAT - - AATGGTAGGCATGG - -GCATG - -ACAGT
~AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGA - -GCATG - -ACAGT
GCATCCCCAT - - AATGGTAGGCATGA - -GCATG - -ACAGT
~GCATCCCCAT - -AATGGTAGGCATGA - -GCATG - -ACAGT -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGA - -GCATG - -ACAGT -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA - -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA - -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGG - -GCATG - -GCAGT -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA - -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA - -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA - -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGG - -ACATG - -GCAGT -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGG - -GCATG - -GCAGT -
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGG - -GCATG - -GCAGT -
AAGCTGGGCTTATTCTTTATGGGGGCCOAMAGATTATGTTATTATGGCTATT TCTCTIGCAGGGAGTAMATACGTTTAATGGTT
TAGCTGGGCTTATTCTCTATGGGGGCCG - AAGTAGTTATTACAACCGTACTTAT - - - -TCTCTTGATATGGTACATA - - - TGGTT
TAGCTGGGCTTATTCTCTATGGGGGCCA - AAGTAATTATTCTTAGOGTACTTAT - - - -TCTCTTGATAGAGTACATT - - -TAACT
ACCCGGAGCATGAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCTCAT - - AATGGTAAGCATGG - -GCATAATATAAT -
ACCCGGAGCATCAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCCCAT - - AATGGTAAGCATGG - -GCAT - - -CGAGT -
ACTTATCTTCTGCTCTCAGGGAATATGCCCGTCGOGGCCCTAATGCAGTCAAAT - -AACTTGTAGCTGGAC - TTATTCATTATCA
ACCTA-CATCTGCACTCAGGGAATATGCCCGTCGOGGCCCOGACGCAGTCAGAT - -GATCTGTAGCTGGAC - TTATTCATTATCA
AAGGGCAACTTATCATGTAGCTGGACTTTAAGTGAAGGGTCAT -TAATCCACAT - - AACCAAATCATCGC - - AGACTAATTAAT -
AAGGGCAACTTATCATGTAGCTGGACTTTAAGTGAAGGATCAT -TAATCCACAT - - AACCAMTCATCGA - - AGGCT - AATATCT
AAGGTCAACTTATAGTCTAGCTGGACTTCCTATTAAGTATCAT -TTATCCCCAT - - CAATACCCCTGCAAC - AGATTAATTAATG
ACCCGGAGCATAAATTGTAGCTGGACTT - -AACTGCATCTTGA -GCATCCCCAT - - AATGGTAGGCATGG - -GCAT - - TGCAGT -
TOGCAGTATCTGTCT T TGATTCCTGCCTCATCCTATTATT TATOGCACCTACGTTCAATATTACAGGCGAACATACTTACTAAAG
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Table Al Identification resultsby HRMA and sequence BLASTn for questing ticks bloodmeal analysis during Real-time HRMA
optimization; Tm, melting temperature; Tm1, melttegperature peak 1; Tm2, melting temperature Beadntinued in the next page.

SITE

sample
name

Tm °C
(n°rep)

HRMA genotype

Muroidea

BLAST genotype

Tm °C (n°rep)
Tml Tm2

Soricidae

HRMA genotype

BLAST genotype

Tm °C (n°rep)

Tml

Tm2

HRMA genotype

Passeriformes

BLAST genotype

CON

TRA

CAD

PIE

1.Co
2_co
3.co
4_co
5_CO
6_CO
7_Cco
8_CO
9_co
10_co
11_co
12_Cco
13 CO
1.TR
2 TR
3_TR
4_TR
5_TR
6_TR
7_TR
8_TR
9_TR
10_TR
11_TR
12 TR
1.CA
2. CA
3_CA
4_CA
5_CA
6_CA
7_CA
8_CA
9 CA
10_CA
11_CA
12 CA
13 CA
14_CA
1Pl
2_PI
3_PI
4Pl
5_PI
6_PI
7_PI
8_PI
9_PI
10_PI
11_PI
12_PI
13 PI

74.2 (1)

81.9 (2)

78.7

81.5 (1)

81.3 (1)

out of range

Apodemus sp.

out of range

Apodemus sp.

M. glareolus

no sequences obtained-too short

A flavicollis 100%

no sequences obtained-too short

A. flavicollis 100%

A. flavicollis 98% (2 del)

77.0
81.8
83.1 (1)

70.4 (1)
74.4 (1)

812  839(1)
81.6 (1)
82.4 (1)
81.9 (1)

823  753(1)

816  74.4(1)

80.5 (1)

86.2 (1)
83.7 (1)

82.3-74.4 (1)
82.3-74.0 (1)
81.7-73.7 (1)
82.4 (1)
81.4 (1)
82.3- 73.6 (1)

80.5 (1)

out of range
C. suaveolens
out of range

late amplification-strange profile

C. suaveolens
C. leucodon
C. leucodon ??

C. leucodon?-strange profile

C. suaveolens

Sorex sp

out of range
out of range

C. leucodon
C. leucodon
C. suaveolens
C. leucodon
C. suaveolens
C. leucodon
Sorex sp

C. russula 99%*

no sequence obtained

C. russula 97%*
C. leucodon 99%
C. leucodon 99%

C. leucodon 99%, only F primer

C. russula 98%*

S. antinorii 100%

261 bp-Ixodes spp
no sequences assembly

C . leucodon 100%
C . leucodon 100%
C. russula 98%°
C . leucodon 100%
C. russula 99%*
C . leucodon 100%
S. antinorii 99%

79.6
81.5
82.8

82.1

83.6

78.6
79.5

79.8

58.1

84.1

86.6

84.4
84.9

82.0

no match-out of range
no match-out of range
no match-out of range

no match-out of range

strange profile

strange profile
strange profile

out of range

148 bp-no similarity found
103 bp-Ixodes sp
575 bp-Ixodes sp

346 bp- no similarity found

123 bp-Ixodes sp

154 bp double peaks-T.merula 99% NO POSITIVE
double peak-not readable sequences

219 bp-Ixodes sp

late amplification-strange profile double peak in the sequence-no readable

late amplification-strange profile
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Table Al continued

SITE

sample
name

Tm °C (replicate
Tml Tm2

Canidae

HRMA genotype

BLAST genotype

Tml

Tm °C (n°rep)

Tm2

Tm3

Caprinae

HRMA genotype

BLAST genotype

Cervidae

Tm °C (n°rep)

Tml

Tm2

Mixed
bloodme
al

CON

TRA

CAD

PIE

1.Cco
2_co
3.co
4.co
5_CO
6_CO
7_Cco
8_CO
9_co
10_CO
11_CO
12_COo
13_CO
1_TR

2_TR

3 TR

4_ TR

5 TR

6_TR

7_TR

8_TR

9_TR
10_TR
11_TR
12_TR
1.CA
2.CA
3_CA
4_CA
5_CA
6_CA
7_CA
8_CA
9_CA
10_CA
11_CA
12_CA
13_CA
14_CA
1.PI
2_PI
3_PI
4Pl
5_PI
6_PI
7_PI
8_PI
9_PI
10_PI
11_PI
12_PI
13_PI

79.9 (1)
80.4 (2)
80.8 (1)

80.4 (2)
80.5
80.2 (2)

82.7

80.6 (1)

80.7 (1)
80.9 (2)
85.1

80.3 (1)

834  80.7 (1)

83.7 87.3 (1)
80.7

80.6
785

80.2

82.8

80.7
80.4 (2)

82.7

C.l. familiaris
C.I. familiaris
C.I. familiaris

C.l. familiaris
no match-strange profile
C.I. familiaris

C.I. familiaris

C.I. familiaris

C.I. familiaris

no match-out of range
C.I. familiaris

V. vulpes

V. vulpes
strange derivative profile

strange derivative profile
no match-strange profile

no match-strange profile

no match- strange profile
C.I. familiaris

C.l. familiaris 100%
C.l. familiaris 100%
C.l. familiaris 100%

C.l. familiaris 100%
no similarity found
C.l. familiaris 100%

C.l. familiaris 100%

C.l. familiaris 100%

C.l. familiaris 100%

no similarity found - Ixodes sp
C.l. familiaris 100%

V. vulpes 100%

V. vulpes 100%
double sequences not readable

no similarity found
no similarity found

no similarity found

248 bp - no similarity found
C.l. familiaris 100%

80.7
80.8
81.0

80.8

74.3

78.3
735

83.9
83.9 (2)
84.1(2)

83.7 (2)

83.7

80.8
83.8

88.2 (1)

87.9

84.0
88.2

no match-strange profile
no match-out of range
no match-out of range

out of range

no match-out of range

no match-out of range
no match-out of range

double sequences not readable
Bos taurus 99%
Bos taurus 99%

Bos taurus 99%

double sequences not readable

double sequences not readable
double sequences not readable

83.5

82.7

83.5

83.6

83.2
83.6

82.5

83.4

83.6

83.5

83.3

HRMA genotype BLAST genotype

80.7 (1) C.

elaphus C. elaphus 100%

80.6 (2) C.

capreolus C. capreolus 100%

80.7 (1) C.

80.7 (1) C. elaphus C.

elaphus C. elaphus 100%

elaphus 100%

no match-strang Ixodes sp.
80.8 (1) C. elaphus C. elaphus 100%

80.5 (2) C. capreolus C. capreolus 100%

80.5 (2) C. elaphus C. elaphus 100%

80.7 (2) C. elaphus C. elaphus 100%

80.6 (1) C. elaphus C. elaphus 100%

80.5 (1) C. elaphus C. elaphus 99%

yes
yes

yes

yes

yes

yes

yes
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FOOTNOTES Table Al:

2for C. suaveolens sequences BLAST give as maxiidentity C. russula because no sequence®fsuaveolend-loopis available in
the GenBank database; 100% C. suaveolens, afj@nadint with sequence obtained from DNA tissue sasIC. suaveolenby

authors.
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Appendix 2 Ovis spp. alignment and BLASTn results

ClustalX 2.0.12 alignment @visspp sequences retrieved from GenBank and sequetaiesd with HRM_Cer primers from questing

nymphs (IRQxxxxx) and from the engorged ticks abel while feeding on a mouflon (IRH000213)CAcapreolusand aC. elaphus
sequence from questing nymphs were also included.

* rrr T X T RTET EXXETXRETXEERRE XRT T R * rr * e

2352€4.1 O.aries

235258.1 O.aries
GU350335.1_O.aries_musimon
235240.1 O.aries

235233.1 O.aries

2352€7.1 _O.aries
GU350328.1_O.aries_musimon
IRQS2513_HRYM Cer
IRQ52013_HRYM Cer
AF039579.1_O.aries_musimon
AY¥091487.1 O.aries_musimon
HM23€184.1 O.aries_musimon
IRQ15013_HRYM Cer
IRH000213_mouflon
IRQ071212_A HRY Cer
IRQ059412_HRM Cer
KF312238.1_O.aries_ophion
235249.1 O.aries

AB00€801.1 O.aries
IRQ02713 HRM Cer C.capreolus
IRQ039412_HRM Cer_C.elaphus
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BLASTnN results of HRM_CeDvisspp amplicons

BLASTN: Sequencesproducing Max Total Query E Ident
significant alignments score score cover value %

HRM _Cer amplicon from engor ged female from

mouflon

IRHO00213 Ovis orientalisbreed Asian mouflon302 302 100 1E-78 100
Ovis ariesbreed Jingzhong 302 302 100 1E-78 100
Ovis aries 302 302 100 1E-78 100
Ovis aries 302 302 100 1E-78 100
Ovis aries musimon 302 302 100 1E-78 100

HRM _Cer amplicons from questing nymphs

IRQ52013_Mez  Ovis aries musimon 300 300 100 5E-78 100
Ovis aries 298 298 99 2E-77 100
Ovis aries 298 298 99 2E-77 100
Ovis aries 298 298 99 2E-77 100
Ovis orientalisbreed Asian mouflon294 294 100 2E-76 99

IRQ52513 Mez  Ovis orientalisbreed Asian mouflon303 303 100 4E-79 100
Ovis ariesbreed Jingzhong 303 303 100 4E-79 100
Ovis aries 303 303 100 4E-79 100
Ovis aries 303 303 100 4E-79 100
Ovis aries musimon 303 303 100 4E-79 100

IRQ079212 A AlaOvis orientalisbreed Asian mouflon296 296 100 6E-77 99
Ovis ariesbreed Jingzhong 296 296 100 6E-77 99
Ovis aries 296 296 100 6E-77 99
Ovis aries 296 296 100 6E-77 99
Ovis aries musimon 296 296 100 6E-77 99

IRQ15013 Vge Ovis orientalisbreed Asian 302 302 100 1E-78 100
Ovis ariesbreed Jingzhong 302 302 100 1E-78 100
Ovis aries 302 302 100 1E-78 100
Ovis aries 302 302 100 1E-78 100
Ovis aries musimon 302 302 100 1E-78 100

IRQ059412 Pin  Ovis ammon hodgsoni 303 303 100 4E-79 100
Ovis aries ophion 298 298 100 2E-77 99
Ovis orientalisbreed Asian mouflon298 298 100 2E-77 99
Ovis ariesbreed Jingzhong 298 298 100 2E-77 99
Ovis aries 298 298 100 2E-77 99
Ovis orientalis anatolica 298 298 100 2E-77 99

For Taxonomy and Genbank NCBI database, the foligwynonyms refer to mouflon
(Ovis aries musimo(Pallas, 1811)Ovis orientalis musimqrOvis aries mufflonOvis
musimon Ovis gmelinj Ovis ammon musimon
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Appendix 3 Sequences alignment of HRM_Rod amplicons

Sequences alignment of HRM_Rod amplicamit special reference to deviating HRM¥podemuspp. amplicons. IRHxxxx control
samples sequences; IRQxxxx questing nymphs segeience

Myodes glareolus

/ ETETXXXLXETRLRLRE XX RXXT XRERE rrEEEY (36 d Ty rrr 22 ETEXT EXEXE X X RAXAXXLRLREL RRXE RRERE

IRQ080€12_B_HRM Rod
IRH00413 HRM Rod M.glareolus

H 2

IRQO35612_HRY_Rod
IRQ106412_HRY_Rod
IRQO78312/2_HRY Rod
IRQ52013_HRY_Rod
IRQ078912_HRY_Rod
IRQS1613_HRYM_Rod
IRH002513_HRY Rod A.flavicollis
IRQ12513_HRY Rod
IRQO36312_E3_HRY Rod
IRQ46113_HRY_Rod
IRQO79612_HRY_Rod
IRQ071212 HRY Rod

\ Apodemus Apodemug deviating amplicons
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