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Abstract

The intraerythrocytic protozoans Theileria equi and Babesia caballi are the causative agents of
equine piroplasmosis (EP), one of the most important equine tick-borne diseases due to its
significant impact on global international horse trade. Although EP is known to be endemic in
Spain, previous phylogenetic studies have only been conducted for limited geographical
regions. Therefore, the objective of this study was to evaluate the genetic diversity and
distribution of these parasite species nationwide. This was performed by amplification of the
18S small subunit (SSU) rRNA gene from 100 EP positive equine blood samples using a nested
PCR protocol, and sequencing the obtained amplicons. Seventy-seven T. equi and six B. caballi
isolates were successfully sequenced and phylogenetic analysis revealed that the T. equi
isolates grouped into the previously described clades A (n = 21/77), D (n=1/77) and E (n =
55/77), while B. caballi isolates were placed into clades A (n = 5/6) and B (n = 1/6). Isolates
from T. equi clade D and B. caballi clade B have not previously been reported in Spain. A
greater intra-clade diversity (97.3-98.3% identity) was observed between T. equi clade E
isolates compared to those within clade A (99.7-100% identity). Additionally, a multivariable
logistic regression model was used to analyse associations between the clade of T. equi
infection and available epidemiological data. Horses residing in Spanish northern regions were
statistically more likely to be infected with T. equi clade E (p=0.01). We conclude that while
extensive sequence variation of equine piroplasms exists in Spanish infected horses, a
requirement for increased equine movement controls between Spain and EP-endemic countries

should be considered.

Keywords: Piroplasmosis; horses; nPCR; genotypes; Spain.
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1. Introduction

Theileria equi and Babesia caballi are the primary pathogens of the intra-erythrocytic
Apicomplexan parasitic disease, equine piroplasmosis (EP) (Wise et al., 2014). Natural
transmission of EP occurs via specific ixodid tick vectors (Scoles and Ueti, 2015), of which
Ixodes, Haemaphysalis, Dermacentor and Rhipicephalus species have been described in Spain
(Nagore et al., 2004), although iatrogenic infection through the use of contaminated

hypodermic needles or blood transfusions is also possible (Short et al., 2012).

EP is widespread worldwide and is of great economic importance to the Spanish equine
industry (Camino et al., 2019b), not just due to the impact of acute clinical disease, but also
because chronically infected horses often become asymptomatic carriers, a status that limits
their movement to EP-free countries (Dewaal, 1992; Friedhoff et al., 1990). Both T. equi and
B. caballi cause similar clinical signs (Wise et al., 2014), although a recent survey of Spanish
EP cases indicated a greater severity of anaemia associated with B. caballi infection (Camino

etal., 2019a).

Phylogenetic analysis based on 18S SSU rRNA gene sequences has revealed the presence of
multiple genotypes that segregate in up to five gene clades (A, B, C, D and E) within T. equi
(Qablan et al., 2013; Qablan et al., 2012), and three gene clades (A, B and C) within B. caballi
(Qablan et al., 2013). Recent work has also indicated the presence of a new species, Theileria
haneyi, within clade C of the current T. equi umbrella (Knowles et al., 2018), suggesting that

the observed genetic diversity may represent more than intra-species clade multiplicity.

At present, there have been limited reports describing the genetic diversity of EP in Spain.
Previously, Nagore et al. (2004) described the presence of two T. equi and two B. caballi
genotypes in isolates from Spanish horses. One isolate from each parasite species showed a

high degree of identity with previously described Spanish T. equi (Criado-Fornelio et al.,
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2003b), and B. caballi (Allsopp et al., 1994) isolates. However, the other T. equi and B. caballi
isolates demonstrated greater genetic diversity (96.8 and 97.4% identity respectively) which
suggested the presence of novel genotypes (Criado-Fornelio et al., 2004). Therefore, the main
goals of this study were (1) investigate the presence of T. equi and B. caballi clades currently
in Spain, (2) describe the distribution of parasite clades within the country and (3) evaluate any

potential epidemiological factors associated with detected species’ clades.

2. Materials and methods

2.1 Sampling procedures

A total of 100 samples were selected from a larger set of 740 equine blood samples, submitted
by private veterinarians from asymptomatic horses across Spain as part of a national EP
prevalence survey (unpublished data). This sub-set of 100 samples was selected based on
having strongly detectable parasite DNA (<35 quantification cycles (Cq)) when screened using
a previously described multiplex real-time PCR using primers and TagMan probes to
specifically amplify the V4 hypervariable region of the 18S rRNA gene of T. equi and B.
caballi (Camino et al., 2019a). Genomic DNA was extracted from whole blood samples using
the QIAamp DNA mini kit (Qiagen, Spain) and stored at -40°C until analysis. A questionnaire
to provide basic epidemiological data was completed by the submitting veterinarian from each
sampled horse, including information regarding gender, age, breed, aptitude (purpose of use),
geographical residence, tick presence at sampling and any history of de-worming or

vaccination.

2.2 Nested PCR

All 100 DNA extractions were analysed by means of a Theileria/Babesia species catch-all

nested PCR to amplifying a portion of the hypervariable V4 region of the 18S SSU rRNA gene.

4
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Outer (BT1-F and BTH-1R) and inner (RLB-F2 and RLB-R2) primers were described in
Criado-Fornelio et al. (2003a) and Oura et al. (2004) respectively, and the reaction conditions

and PCR product visualization were conducted as described by Coultous et al. (2019a).

2.3 Purification and sequencing of PCR amplified products

PCR amplicons were purified using the QIAquick PCR Purification Kit (Qiagen, Spain), before

being send to Eurofins Genomics (Germany) for Sanger sequencing.

2.4 Phylogenetic analysis

Species identification of sequences obtained in this study was achieved using the basic local
alignment search tool (BLAST) and comparison with sequences deposited in the non-
redundant National Center for Biotechnology Information (NCBI) database
(https://blast.ncbi.nlm.nih.gov/). The MUSCLE function (Edgar, 2004), within the AliView
alignment viewer and editor (Larsson, 2014), was used to compare the study sequences with

those previously determined and deposited in GenBank for T. equi and B. caballi.

In order to assess the genetic diversity of both haemoparasites within the study samples, two
species specific maximum likelihood phylogenetic trees were constructed using MEGA 7.0.26
software (Kumar et al., 2016). The 18S SSU rRNA gene sequences of Theileria parva
(L02366) and Theileria annulata (KX375830) were included in the trees as outgroups. All
sequences generated in this study were submitted to the NCBI GenBank database (accession
numbers MN818861-MN818863 inclusive and MT563458-MT563531 inclusive for T. equi
isolates; accession numbers MN818859, MN818860 and MT563454-MT563457 inclusive for

B. caballi).

2.5 Statistical analyses
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Potential associations between horse epidemiological data and phylogenetic groups were
evaluated by means of a multivariable logistic regression model using the software Small
STATA version 12.0, with consideration of the odds ratios (ORs) and their corresponding 95%
confidence intervals (Cls). To construct the model, epidemiological data were considered as
individual variables and classified in several categories: sex (male/female), age (1-7/8-15/16-
26 years), breed (lberian/cross-breed/Central-European), aptitude (breeding/sport),
geographical residence (north/south of Spain), presence of ticks on the horse (yes/no),
deworming (previous treatment/never treated) and vaccination programme application
(previous vaccination/no vaccination). The initial model contained all variables showing p <
0.25 in the univariable screening analysis along with confounders (sex, breed, age and
aptitude). The final model was constructed by retaining the variables with p < 0.05 or where
their removal resulted in a significant change in the effect of other variables, indicating
confounding. Collinearity between variables was checked and excluded. Biologically plausible
first-order interactions were determined between significant and confounders variables.
Finally, the area under the receiver operating characteristic (ROC) curve and the Hosmer-
Lemeshow goodness-of-fit test were calculated to evaluate fitting of the proposed model

(Hosmer, 2000).

3. Results

3.1 EP detection by nested PCR

Nested PCR product was successfully generated and EP specific amplicons from 83 of the 100

samples sequenced. Only a single parasite species was detected in each sample.

3.2 Phylogenetic analysis of T. equi 18S rRNA gene
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In total, 77 samples produced sequences identified as T. equi, and these were partitioned into
three different clades (A, D and E). A representative sequence for each distinct T. equi clade
detected in this study (accession numbers MN818861, MN818862 and MN818863) was
selected to demonstrate this phylogenetic positioning (Figure 1). The sequences that clustered
within clade A (27.3%, n = 21/77) shared 99.7% to 100% identity to each other (representative
sequence MNB818862). These sequences showed high identity (99.5-100%) to those from
previous studies in Spain (AY150062.2-AY150064.2) (Criado-Fornelio et al., 2003b), and
grouped with sequences derived from samples isolated in South Africa, Brazil, Jordan and
USA. Sequences clustering in clade E (71.4%, n = 55/77) demonstrated 97.3-98.3% identity to
each other (representative sequence MN818861), and showed high identity (99.5-100%) with
previous sequences from Spanish isolates (AY534882.1 and DQ287951.1) (Nagore et al.,
2004; Criado et al., 2006), as well as isolates from China, Korea, Mongolia, Saudi Arabia and
Switzerland. Notably, only one sequence obtained clustered in clade D (MN818863). This
clade has not been previously reported in Spanish samples, and grouped with isolates obtained
from Turkey, Palestine, Israel and Sudan. An alignment of all T. equi isolates sequenced in this

study is available in Appendix A.

3.3 Phylogenetic analysis of B. caballi 18S rRNA gene

Six B. caballi isolates were successfully sequenced in total, and these were distributed across
two of the three previously described B. caballi clades, with the positioning demonstrated with
a representative sample from each clade (Figure 2). Five isolates (representative sequence
MN818860) clustered within clade A, showing 100% identity to each other and a previously
reported B. caballi isolate from Spain (AY309955.1) (Criado-Fornelio et al., 2004), and
displayed high identity (99.7%) to another sequence previously reported for a Spanish isolate
(AY534883.1) (Nagore et al., 2004). This clade also contains isolates in China, Mongolia,
South Africa and Italy. Only one isolate (MN818859) was clustered within a second clade,

7
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clade B, and showed high identity (97.9-100%) to sequences of isolates from lIsrael, South
Africa and Italy, but not with any previously reported Spanish B. caballi isolates. An alignment

of all B. caballi isolates sequenced in this study is available in Appendix B.

3.4 Geographic distribution of the isolates and epidemiological data analyses

The samples in this study were collected from 12 of Spain’s 17 autonomous communities;
Theileria equi was detected in all the autonomous communities studied, but B. caballi was only

detected in four communities (Table 1).

Figure 3 shows the geographic distribution of the detected parasite species and their
representative clade types. The T. equi isolates grouped in clade E were present in all the
sampled communities, however clade A parasites appear to be more restricted to central and
southern communities. The singular T. equi isolate belonging to clade D was identified in
Asturias, in the north of the country. Within the B. caballi isolates, all clade A sequences were
only found in northern communities, whereas the single clade B isolate was detected in the far

south in Andalusia.

Multivariable logistic regression analysis was performed to assess the statistical significance
between T. equi clade and available epidemiological data. Since a clade D genotype was only
represented by a single isolate, only clades A and E were considered in the analysis. The
Hosmer—Lemeshow goodness-of-fit test indicated that the multivariable logistic regression
analysis fitted the data adequately (p = 0.38). The area under the ROC curve was 0.86 (95% CI
0.77 to 0.96), indicating that the model had good overall predictive power. Location of
residence was the only variable significantly associated with the distribution of clade types (p
=0.01). Thus, T. equi clade E was 5.6 times more likely to be detected in horses located in the
north of Spain (OR = 5.6, 95% CI 1.50-21.22). Furthermore, a positive association, although

not statistically significant, was identified between sport horses and clade E type infection (p
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=0.07; OR =3.70, 95% 0.89-15.41). No statistical association was found between clade group
and other variables tested: sex, age, breed, aptitude, presence of ticks on the horse, deworming

and vaccination programme application.

The low number of B. caballi isolates obtained prevented meaningful statistical analyses of the

sequences derived from these samples.

4. Discussion

This study set out to investigate the diversity and distribution of parasites that cause equine
piroplasmosis in Spain. The large proportion of T. equi isolates compared to B. caballi isolates
that were detected in the current study confirmed T. equi as the predominant EP parasite in
Spain. This matches findings from other EP-endemic European countries such as Italy (Manna
et al., 2018), France (Guidi et al., 2015) and Portugal (Ribeiro et al., 2013), as well as the
situation seen in non-endemic European countries such as the UK (Coultous et al., 2019a).
Although T. equi was overwhelmingly predominant in this study, it should be noted that for B.
caballi natural recovery is possible, compared to the life-long asymptomatic carriers seen with
T. equi infection, where parasitemia peaks may recrudesce in times of stress or
immunocompromise (Bruning, 1996). Therefore, B. caballi infections are more difficult to
detect in asymptomatic horses, so the real occurrence in Spain may be underrepresented in this

study.

Although equi merozoite antigen (EMA-1), rhoptry associated protein (RAP-1), B-tubulin and
mitochondrial cytochrome B (cytB) genes have been targeted by PCR to diagnose EP
(Battsetseg et al., 2002; Montes Cortes et al., 2019; Nicolaiewsky et al., 2001), the 18S SSU
rRNA gene is the most appropriate target for piroplasm identification and genetic variation
analysis, primarily due to a level of sequence conservation that allows meaningful phylogenetic

comparisons, and the occurrence of multiple copies within the genome (Allsopp and Allsopp,
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2006; Hunfeld et al., 2008). Early studies of EP phylogeny based on this gene initially
identified only two genotypes for both equine piroplasms (Nagore et al., 2004). However,
further studies rapidly established the current systems of three clades for B. caballi (A-C), and
five clades for T. equi (A-E) (Bhoora et al., 2009; Qablan et al., 2013; Salim et al., 2010),
although recent authors have suggested combining T. equi clades B and E to give a four clade
system (Hall et al., 2013; Alanazi et al., 2014; Coultous et al., 2019b). The present report
indicates high heterogeneity for both hemoparasites across Spain, with the identification of
isolates from three T. equi clades (A, D and E) and two B. caballi clades (A and B). This genetic
variability among the T. equi and B. caballi 18S SSU rRNA sequences has been observed in
previous studies performed in European (Criado-Fornelio et al., 2004; Manna et al., 2018) and

non-European countries (Bhoora et al., 2009; Campos et al., 2019).

The majority of T. equi sequences were derived from clade E, showing a relatively higher
genetic diversity (97.3-98.3% identity) between sequences compared to those isolates placed
in clade A (99.7-100% identity). Both these clades have been previously described in Spain
(Criado et al., 2006; Criado-Fornelio et al., 2003a; Nagore et al., 2004). As genetic diversity
will have occurred over time due to recombination or SNPs within the genome (Mans et al.,
2011), the greater sequence diversity of clade E samples, combined with their greater
geographical distribution, may suggest that parasites within this clade could be related to the
original EP strain that became endemic in Spain. Theileria equi clade E has been notably linked
to Asian countries (Alanazi et al., 2014; Munkhjargal et al., 2013; Tian et al., 2013), but has
also previously been described in Europe (Liu et al., 2016). A different situation is observed in
the Americas, where a predominance of clade A isolates, and absence of clade E isolates, has
been reported in studies carried out in North America (Hall et al., 2013) and Brazil (Peckle et
al., 2018). An absence of clade E isolates has also been reported in southern and western Africa

(Bhoora et al., 2009; Coultous et al., 2019b) and the Middle-East (Ketter-Ratzon et al., 2017).
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Interestingly, Criado-Fornelio et al. (2003a) previously reported PCR detection of a T. equi
clade A isolate from an asymptomatic Spanish dog (AY150064.2), suggesting a reduced host
specificity of the piroplasm. However, this finding has been directly criticized by Uilenberg et
al. (2018), arguing that a current trend of over-reliance on highly sensitive PCR detection
methods may simply be detecting the transient presence of the parasite in a dead-end host; after
all evidence of parasite detection is not evidence of host competence, but may indicate a degree

of host persistence.

The present study is the first to report a T. equi clade D isolate from Spain. This clade was first
reported in horses in Sudan (Salim et al., 2010), and later described in Tunisia (Ros-Garcia et
al., 2013), Israel (Ketter-Ratzon et al., 2017) and Turkey (Ozubek and Aktas, 2018). The known
movement of horses between African countries and Spain via Morocco has been cited as a
potential route for EP strain introduction (Salim et al., 2010), and may explain the route of

incursion for the isolate detected in this study.

Previous Spanish studies have only reported B. caballi isolates from the currently defined clade
A (Criado-Fornelio et al., 2004; Nagore et al., 2004). Our results have revealed the existence
of two B. caballi clades: clade A as the predominant genotype, and a single previously
unreported clade B isolate. The novel presence of this clade may indicate increased incursion
of B. caballi in the Spanish horse population, as suggested by our previous work (Camino et
al., 2019b). Most likley, incursion occurs as a result of the introduction of asymptomatic
carriers, as freedom from piroplasmosis is not a requirement when moving horses within the

European Union (EU Directive 2009/156/CE).

Although only a single piroplasmid species was identified in each sample in our study, the
detection of co-infected animals was not a study goal, and their existence cannot be discounted

with our methods. Equally, the presence of mixed clade infections within single samples, or
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indeed the presence of undetected genotypes, cannot be ruled out. Such investigation would
require additional cloning of the generated amplicons, or further molecular screening, for

example using species or clade-specific probes (Coultous et al., 2019b).

Widespread distribution of T. equi clade E throughout Spain was demonstrated, a result that
agrees with the findings of previous work (Criado et al., 2006). In contrast, a more restricted
geographic distribution of T. equi clade A was observed with these parasites detected in just
four communities (Andalusia, Castile and Leon, Extremadura and Madrid) in central and
southern Spain. This geographic division was shown to be statistically significant with horses
residing in Spanish northern regions more likely to be infected with T. equi clade E genotypes
(p=0.01). Clade A also had greatest occurrence in the community of Madrid, home to the
country’s capital, which has a higher risk of infectious disease transmission due to the frequent
movement of horses for trade and equestrian competitions (Camino et al., 2018). Due to the
high trafficking of horses in this region, it is possible that clade A was first introduced through
this region, and subsequently spread to neighboring regions as a result of the continued national
movement of horses. However, further investigation of the isolates with additional markers and

epidemiological modeling would be required to fully investigate this hypothesis.

To evaluate whether any of the T. equi clades detected present a particular risk of disease to
horses in Spain we tested for association of clade type with a number of risk factors. A previous
study by Manna et al. (2018) reported a statistical correlation between horse clinical status
(symptomatic and asymptomatic) and the phylogenetic clades, suggesting that clade A is more
associated with horses showing clinical signs. In our study, no statistically significant
correlations were obtained relating to biological parameters of the horses (sex, age or breed),
or the management associated factors of vaccination, deworming and tick presence. However,
our results did show that infections associated with T. equi clade E are more likely to be found
in horses residing in northern regions. This might be related to the species of tick vectors

12
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endemic to these regions, as speculated by previously (Hall et al., 2013). However, no studies
have been carried out to date recording the distribution of tick vectors in Spain, or the possible
affinity of different T. equi competent tick species for certain parasite genotypes. Additionally,
the model suggested a trend (p=0.07) for clade E to be more associated with sport horses than
breeding animals, a result which could be explained by the frequent trips of sport horses to
national competitions and the widespread distribution of clade E parasites throughout the

country.

5. Conclusions

This is the first study to assess the genetic diversity of equine piroplasmid isolates circulating
within the national horse population of Spain. Our results indicate the presence of T. equi and
B. caballi clades previously described in other limited Spanish studies, as well as identifying
new circulating T. equi and B. caballi genotypes. These newly identified genotypes are likely
a consequence of the currently uncontrolled equine movement between EP-endemic countries
and Spain. Following multivariable logistic regression analysis, T. equi clade E was
significantly more associated with Spanish northern regions, with clade A having a more
restricted geographic distribution in the south of the country. Further large-scale
epidemiological studies of EP in Spain are recommended to investigate risk factors association
with the different parasite genotypes and whether the horse population is at risk from incursion
of parasites from clades that are not regionally common. Additionally, a national survey of tick
vector distribution would be beneficial for identification of any association between parasite
genotype and tick species. The currently identified genetic diversity in both T. equi and B.
caballi will help to further inform both clinicians, horse owners and government officials in
the selection of appropriate diagnostic tools for the detection of infected carrier horses, helping
to reduce the future risk of introducing new genotypes into parasite free or endemic regions of
Spain.
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Figure legends

Figure 1. A maximum likelihood tree of Theileria equi isolates based on sequences derived
from the amplified 18S SSU rRNA V4 hypervariable region; Theileria equi sequences
reported previously are denoted by GenBank accession number and country of isolation. Bold
triangles refer to sequences obtained from the present study. Numbers above the branches
correspond to bootstrap values (1000 replications). Previously described clades (A-E) are

highlighted.

Figure 2. A maximum likelihood tree of Babesia caballi isolates based on sequences derived
from the amplified 18S SSU rRNA V4 hypervariable region; Babesia caballi sequences
reported previously are denoted by GenBank accession number and country of isolation. Bold
triangles refer to sequences obtained in the present study. Numbers above the branches
correspond to bootstrap values (1000 replications). Previously described clades (A-C) are

highlighted.

Figure 3. The geographic distribution of Theileria equi and Babesia caballi clade types
within the sampled communities across Spain. The abbreviations of the autonomous

communities are expanded in Table 1.
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Table 1. A breakdown by community of the total number of samples analysed, and the parasite clades detected.

Communities Number of samples collected T. equi-clade B. caballi-clade
Andalusia 22 AE B
Asturias 17 D, E A
Basque Country 4 E -
Canary Islands 1 E -
Cantabria 12 E A
Castile and Leon 16 A E A
Catalonia 2 E -
Extremadura 5 A E -
Galicia 4 E -
Madrid 9 A E -
Navarre 6 E -
Valencia 2 E




100%

90.5%

97.9%

75.4%

KJ573370.1 (Brazil)
KX227623.1 (Jordan)
EU888906.1 (South Africa)
AY150062.2 (Spain)
AY150063.2 (Spain)
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A MNB818862 (Spain)
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Appendix A — Alignment of all T. equi isolate sequences

CCAGGAGTATCAATTEGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCA
CCAGEAGTATCAATTEGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCA

MN818863 D
MT563469 A
MT563458 A
MT563459 A
MT563460 A
MT563461 A
MN818862 A
MT563462 A
MT563463 A
MT563464 A
MT563465 A
MT563466 A
MT563467 A
MT563468 A
MT563470 A
MT563471 A
MT563472_A
MT563474 A
MT563475 A
MT563476 A
MT563477 A
MT563473 A
MT563493 E
MT563527 E
MT563503 E
MT563526 E
MT563478 E
MT563479 E
MT563480_E
MT563481 _E
MT563482 E
MT563483_E
MT563484 E
MT563485 E
MT563486 E
MT563487 E
MT563489 E
MT563491 E
MT563492 E
MT563494_E
MT563495 E
MT563496 E
MT563497 E
MT563498 E
MT563499 E
MT563500 _E
MT563501_E
MT563502 E
MT563504_E
MT563505 E
MT563506 E
MT563507 E
MT563508 E
MT563509 E
MT563510_E
MT563511_E
MT563512_E
MT563513_E
MT563514 E
MT563515 E
MT563516_E
MT563517_E
MT563518_E
MT563519 _E
MN818861 E
MT563520 E
MT563521 E
MT563522 E
MT563523 E
MT563524_E
MT563525_E
MT563528_E
MT563529 E
MT563530 E
MT563531 E
MT563488 E
MT563490 E
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ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGHMTCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGHMNTCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGIITCGT
ATAGCGTATATTAAACTEGTEGCAGTTAAAAAGCTCGTAGT@GAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACTEGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT
ATAGCGTATATTAAACT®GTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGCTGCATCGT




Appendix A — Alignment of all T. equi isolate sequences

U\ T(®(C TG C TRITG THREEA T A®GGCTTAGTTGGGIMNASAGNT ST TG TINA|
T-AENG BT GECGHNITCE ©GGCTTEGTTGGGIMEREGEY TT

MN818863 D
MT563469 A
MT563458 A
MT563459 A
MT563460 A
MT563461 A
MN818862 A
MT563462 A
MT563463 A
MT563464 A
MT563465 A
MT563466 A
MT563467 A
MT563468 A
MT563470 A
MT563471 A
MT563472_A
MT563474 A
MT563475 A
MT563476 A
MT563477 A
MT563473_A
MT563493 E
MT563527 E
MT563503 E
MT563526 E
MT563478 E
MT563479 E
MT563480_E
MT563481 _E
MT563482 E
MT563483_E
MT563484 E
MT563485 E
MT563486 E
MT563487 E
MT563489 E
MT563491 E
MT563492 E
MT563494_E
MT563495 E
MT563496 E
MT563497 E
MT563498 E
MT563499 E
MT563500 _E
MT563501_E
MT563502 E
MT563504_E
MT563505 E
MT563506 E
MT563507 E
MT563508 E
MT563509 E
MT563510_E
MT563511_E
MT563512_E
MT563513_E
MT563514 E
MT563515 E
MT563516_E
MT563517 E
MT563518_E
MT563519 _E
MN818861 E
MT563520 E
MT563521 E
MT563522 E
MT563523 E
MT563524_E
MT563525_E
MT563528_E
MT563529 E
MT563530 E
MT563531 E
MT563488 E
MT563490 E

119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
121
120

Te- [ECGETRT CECGIMT GET CINTCGTTGOGGCTTEGT TGGGIMMNGCHYNT TT
Tie- [ECGEITRTCECCIMT GET CINTCGTTGOGGCTTEGT TGGGIMENGCHYNT) TT

GGTTCTTCGCTATGTCGAGTGATCTTCGT@GTGGCTTAGTEGGGGCATG
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAWTI TGGGGCATG
GGTTCTTCGCTATGTCGAGTGETCTTCGTTGTGGCTTAGTTGGGGCATG
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCATG
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCAT T TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGT TGGGGCATGigT TTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTGTGGCTTAGTTGGGGCAT G TTTTCATGA
GGTTCTTCGCTATGTCGAGTGATCTTCGTTHTGGCTTAGT TGGGGCAT G T TTTCATGA

TTTTCATGA
TTTTCATGA
TTTTCATGA
TTTTCATGA




Appendix A — Alignment of all T. equi isolate sequences

MN818863 D
MT563469 A
MT563458 A
MT563459 A
MT563460 A
MT563461 A
MN818862 A
MT563462 A
MT563463 A
MT563464 A
MT563465 A
MT563466 A
MT563467 A
MT563468 A
MT563470 A
MT563471 A
MT563472_A
MT563474 A
MT563475 A
MT563476 A
MT563477 A
MT563473_A
MT563493 E
MT563527 E
MT563503 E
MT563526 E
MT563478 E
MT563479 E
MT563480_E
MT563481 _E
MT563482 E
MT563483_E
MT563484 E
MT563485 E
MT563486 E
MT563487 E
MT563489 E
MT563491 E
MT563492 E
MT563494_E
MT563495 E
MT563496 E
MT563497 E
MT563498 E
MT563499 E
MT563500 _E
MT563501_E
MT563502 E
MT563504_E
MT563505 E
MT563506 E
MT563507 E
MT563508 E
MT563509 E
MT563510_E
MT563511_E
MT563512_E
MT563513_E
MT563514 E
MT563515 E
MT563516_E
MT563517 E
MT563518_E
MT563519 _E
MN818861 E
MT563520 E
MT563521 E
MT563522 E
MT563523 E
MT563524_E
MT563525_E
MT563528_E
MT563529 E
MT563530 E
MT563531 E
MT563488 E
MT563490 E

177
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
177
179
178

®CGACGTTTACTTTGAGAAAATTAGAGTGCT
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
CMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
CMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
C®CGECGTTTACTTTGAGAAAATTAGAGTGCT]
C®CGECGTTTACTTTGAGAAAATTAGAGTGCT]
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT|
CMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
CMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
C®CGECGTTTACTTTGAGAAAATTAGAGTGCT]
C®CGECGTTTACTTTGAGAAAATTAGAGTGCT]
ECCGGCGTTTACTTTGAGAAAATTAGAGTGCT
C

iCCAACGTTTACTTTGAGAAAATTAGAGTGCT
C

®CGECGTTTACTTTGAGAAAATTAGAGTGCT
COMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
CMCGECGTTTACTTTGAGAAAATTAGAGTGCT]
C®CGECGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACETTTACTTTGAGAAAATTAGAGTGCT
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
C®CGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]
CTCGACGTTTACTTTGAGAAAATTAGAGTGCT]




Appendix B — Alighment of all Babesia caballi isolate sequences

MN818859 B
MT563454 A
MT563455 A
MT563456 A
MT563457 A
MN818860 A

MN818859 B
MT563454 A
MT563455 A
MT563456 A
MT563457 A
MN818860 A

MN818859 B
MT563454 A
MT563455 A
MT563456 A
MT563457 A
MN818860 A

MN818859 B
MT563454 A
MT563455 A
MT563456 A
MT563457 A
MN818860 A

MN818859 B
MT563454 A
MT563455 A
MT563456 A
MT563457 A
MN818860 A

N = = S =

61
61
61
61
61
61

121
121
121
121
121
121

181
181
181
181
181
181

241
241
241
241
241
241

ATGATGGCGACTTAAACCCTCGCCAGAGTAACAATTGGAGGGCAAGTCTGGTGCCAGCAG
ATGATGGCGACTTAAACCCTCGCCAGAGTAACAATTGGAGGGCAAGTCTGGTGCCAGCAG
ATGATGGCGACTTAAACCCTCGCCAGAGTAACAATTGGAGGGCAAGTCTGGTGCCAGCAG

ATGATGGCGACTTAAACCCTCGCCAGAGTAACAATTGGAGGGCAAGTCTGGTGCCAGCAG
ATGATGGCGACTTAAACCCTCGCCAGAGTAACAATTGGAGGGCAAGTCTGGTGCCAGCAG
ATGATGGCGACTTAAACCCTCGCCAGAGTAACAATTGGAGGGCAAGTCTGGTGCCAGCAG

CCGCGGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAG
CCGCGGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAG
CCGCGGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAG
CCGCGGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAG
CCGCGGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAG
CCGCGGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTGCAGTTAAAAAGCTCGTAG

TTGAACTTTTGCGTTGTCCTTTTCCTGCTTTGTGCGGGTTATTGACTTCGCTTTTTCTTT
TTGAACTTTTGCGTTGTCCTTTTCCTGCTTTGTGCGGGTTATTGACTTCGCTTTTTCTTT
TTGAACTTTTGCGTTGTCCTTTTCCTGCTTTGTGCGGGTTATTGACTTCGCTTTTTCTTT
TTGAACTTTTGCGTTGTCCTTTTCCTGCTTTGTGCGGGTTATTGACTTCGCTTTTTCTTT,
TTGAACTTTTGCGTTGTCCTTTTCCTGCTTTGTGCGGGTTATTGACTTCGCTTTTTCTTT

TTACTTTGAGAAAATTAGAGTGTTTATCGCAGACTTTTGTCTTGAATACTTCAGCATGGA
TTACTTTGAGAAAATTAGAGTGTTTATCGCAGACTTTTGTCTTGAATACTTCAGCATGGA
TTACTTTGAGAAAATTAGAGTGTTTATCGCAGACTTTTGTCTTGAATACTTCAGCATGGA
TTACTTTGAGAAAATTAGAGTGTTTATCGCAGACTTTTGTCTTGAATACTTCAGCATGGA

TTACTTTGAGAAAATTAGAGTGTTTATCGCAGACTTTTGTCTTGAATACTTCAGCATGGA
TTACTTTGAGAAAATTAGAGTGTTTATCGCAGACTTTTGTCTTGAATACTTCAGCATGGA

TTTGGEGACCTTGGTAATGG

ATAAGANMAGTAGGACMTTGGTTCTATTTTGTTGG
ATAATAGAGTAGGACTTTGGTTCTATTTTGTTGGTTTTGGAACCTTGGTAATGG
ATAATAGAGTAGGACTTTGGTTCTATTTTGTTGGTTTTGGAACCTTGGTAATGG
ATAATAGAGTAGGACTTTGGTTCTATTTTGTTGGTTTTGGAACCTTGGTAATGG
ATAATAGAGTAGGACTTTGGTTCTATTTTGTTGGTTTTGGAACCTTGGTAATGG
ATAATAGAGTAGGACTTTGGTTCTATTTTGTTGGTTTTGGAACCTTGGTAATGG





