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A B S T R A C T

Cattle babesiosis is a tick-borne disease responsible for significant losses for the livestock industries in tropical
areas of the world. These piroplasms are under constant control of the host immune system, which lead to a
strong selective pressure for arising more virulent or attenuated phenotypes. Aiming to better understand the
most critical genetic modifications in Babesia bovis genome, related to virulence, an in silico analysis was per-
formed using DNA sequences from GenBank. Fourteen genes (sbp-2, sbp-4, trap, msa-1, msa-2b, msa-2c, Bv80 (or
Bb-1), 18S rRNA, acs-1, ama-1, β-tub, cp-2, p0, rap-1a) related to parasite infection and immunogenicity and ITS
region were selected for alignment and comparison of several isolates of Babesia bovis from different geographic
regions around the world. Among the 15 genes selected for the study of diversity, only 7 genes (sbp-2, sbp-4, trap,
msa-1, msa-2b, msa-2c, Bv80) and the ITS region presented sufficient genetic variation for the studies of phylo-
geny. Despite this genetic diversity observed into groups, there was not sufficient information available to as-
sociate molecular markers with virulence of isolates. However, some genetic groups no were correlated with
geographic region what could indicate some typical evolutionary characteristics in the relation between parasite-
host. Further studies using these genes in herds presenting diverse clinical conditions are required. The better
understanding of evolutionary mechanisms of the parasite may contribute to improve prophylactic and ther-
apeutic measures. In this way, we suggest that genes used in our study are potential markers of virulence and
attenuation and have to be analyzed with the use of sequences from animals that present clinical signs of
babesiosis and asymptomatic carriers.

1. Introduction

Cattle fever caused by intraerythrocytic tick-transmitted protozoan
Babesia bovis and B. bigemina are distributed worldwide and causes
significant economic impact on the livestock industry (Bock et al.,
2004; Gohil et al., 2013).The clinical signs include anemia, due to in-
travascular hemolysis caused by cyclical replication of the parasite,
consequently, infected animals become severely depressed and may die.
B. bovis infections are accompanied by the accumulation of parasitized
RBCs in the microvasculature and the development of severe clinical
complications such as cerebral babesiosis, respiratory distress syndrome
and multi-organ failure (Bock et al., 2004; Gohil et al., 2010).

These parasites undergo a constant pressure of the immune system

of their hosts, which leads to the emergence of genetic variations.(Lau
et al., 2011; Pedroni et al., 2013). According to Lau et al. (2011), pa-
thogen adaptation is a dynamic and continuous process; the acquisition
and/or loss of virulence are dynamic within a population of pathogens,
varying with the host genetics, the host's immune status and trans-
mission efficiency. Modifications associated to emergence of different
phenotypes can be originated during the sexual or asexual stages of the
parasite life cycle due to various mechanisms. During mitosis, mutation,
chromosome breakage, sister chromatid exchange, gene conversion or
interchromosomal exchange may occur, whereas, in meiosis, chromo-
some rearrangement occurs, recombination between homologous or
heterologous chromosomes, exchange of sister chromatids or gene
conversion (Taylor et al., 2000).
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Apicomplexan hemoparasites exist as subpopulations expressing
distinct virulence phenotypes, which may be resulted from gene mu-
tation or differential regulation of gene expression (Carson et al., 1990).
Changes in the population structure of B. bovis throughout the genome
were demonstrated for the first time, and no specific gene responsible
for virulence was identified (Lau et al., 2011). However, several genes
related to replication and interaction between host-parasite should be
investigated since may be useful for labeling and differentiating these
subpopulations of parasites with phenotype of stable virulence in
asymptomatic carriers host.

The genome of B. bovis was described in 2007 (Brayton et al., 2007)
and since then some studies have been carried out to characterize ge-
netic diversity. Some genes (sbp-2 (spherical body protein 2), sbp-4
(spherical body protein 4), trap (thrombospondin-related anonymous
protein), msa-1 (merozoite surface antigen 1), msa-2b (merozoite sur-
face antigen 2b), msa-2c (merozoite surface antigen 2c), Bv80 (or Bb-1,
merozoite protein), 18S rRNA, acs-1 (acyl-CoA synthetase 1), ama-1
(apical membrane antigen 1), β-tub (tubulin beta chain), cp-2 (cysteine
peptidase 2), p0 (ribosomal phosphoprotein) and rap-1a (rhoptry as-
sociated protein 1a) and also ITS region (internal transcribed spacer
(Brown et al., 1996; Hilpertshauser et al., 2007; Mazuz et al.,
2012;Ramos et al., 2012; Sivakumar et al., 2013; Combrink et al., 2014;
Molad et al., 2014; Molad et al., 2015; Niu et al., 2015; Yokoyama et al.,
2015; Tattiyapong et al., 2016; Matos et al., 2017; Mtshali & Mtshali,
2017; Rittipornlertrak et al., 2017; Gallego-Lopez et al., 2018)) pointed
for the production of highly immunogenic proteins have been targets of
these studies. However, it remains not elucidated which gene or which
of these genes would be a good marker for genotyping studies regarding
attenuation or virulent phenotypes. In this context, this work was car-
ried out a comparison of several B. bovis sequences of thirteen genes and
the ITS region obtained from different geographic regions, deposited in
GenBank. In silico analyzes were performed to identify genes that pre-
sentenough genetic diversity to be used in molecular marker studies for
virulence or attenuation.

2. Material and methods

2.1. Ethical statement and declaration of Interest

The work was conducted by in silico analysis and then there was no
necessary to submit this research to any ethical statement. Moreover all
authors confirm none declaration of interest.

2.2. Phylogenetic analysis

We selected several genes and a genomic region related to parasite
infection and immunogenicity. We constructed phylogenetic trees using
the genes sbp-2 (spherical body protein 2), sbp-4 (spherical body protein
4), trap (thrombospondin-related anonymous protein), msa-1 (mer-
ozoite surface antigen 1),msa-2b (merozoite surface antigen 2b),msa-2c
(merozoite surface antigen 2c) and Bv80 (or Bb-1, merozoite protein)

and also ITS region (internal transcribed spacer). These genes/regions
were selected based in previous diversity analysis from published data
available on database (Bing-Zang et al., 2016; Brown et al., 1996;
Molad et al., 2015; Flores et al., 2012; Niu et al., 2015; Ramos et al.,
2012; Tattiyapong et al., 2016; Mazuz et al., 2012; Sivakumar et al.,
2013; Molad et al., 2014; Yokoyama et al., 2015; Combrink et al., 2014;
Hilpertshauser et al., 2007; Mtshali & Mtshali, 2017; Matos et al., 2017;
Rittipornlertrak et al., 2017; Gallego-Lopez et al., 2018). The genes 18S
rRNA, acs-1 (acyl-CoA synthetase 1), ama-1 (apical membrane antigen
1), β-tub (tubulin beta chain), cp-2 (cysteine peptidase 2), p0 (ribosomal
phosphoprotein) and rap-1a (rhoptry associated protein 1a) were pre-
viously selected but after some analysis they were excluded (Table 1S –
Supplementary material).

The sequences were obtained from GenBank and the inclusion's
criteria were the longest sequences for each gene/region and that did
not disturb the alignment. The sequences used according GenBank’
references were grouped into Table 1.

The phylogenetic analysis was conducted in MEGA7 (Kumar et al.,
2016) using the Maximum Likelihood method with 1000 replicates of
bootstrap. The best evolution model was inferred by JModelTest
(Darriba et al., 2012).

3. Results and discussion

In the case of epidemiological studies, it is very common to find
certain strains of parasites circulating regionally (Howes et al., 2016).
However, a common feature of the selected molecular markers seemed
to be that the genotypes were not restricted to geographical regions and
in these cases they could be associated with the strain phenotype of
virulence, as observed in previous studies (Wilkowsky et al., 2009). On
the other hand, in many cases, there was not sufficient information
related to the sequence's source.

Allred (2019) purposed a distinction between “variable” and “var-
iant” proteins that may contribute to persistence of parasites into their
hosts. A “variable” multigene protein family contains two ormore
members, which differs in sequence and rarely recombine each other
and are stable in sequence during the course of an infection within an
individual host, and may beco-expressed within an individual parasite.
On the other hand, a “variant” multigene protein family contains more
than several members, which differs in sequence, is generally expressed
monoparalogously or monoallelically and may recombine with others
as an integral aspect of the family's biology, and the expressed member
is routinely altered in sequence during the course of an infection within
anindividual host. The genes rap1, msa1, sbp2, and 6-cys fall into the
variable category and their diversity coupled with their relativestability
make them good markers for use in epidemiologic studies at the isolate
level. In this way, is very important to understand the genetic pattern of
these genes.

The analysis performed using the genes 18S rRNA, acs-1, ama-1, β-
tub, cp-2, p0 and rap-1a (Supplementary material) were excluded be-
cause the alignments showed sites highly conserved and due the low

Table 1
GenBank sequences reference number of Gene/Region from Babesia bovisused to conduct this study.

Gene/Region Reference number on GenBank

sbp-2 (Spherical Body Protein-2) AB742543.1 to AB742551.1, AB772317.1 to AB772322.1, KT460089.1 to KT460093.1 and MG725962.1
sbp-4 (Spherical Body Protein-4) KF626629.1 to KF626638.1, KY484522.1 to KY484534.1, KY562844.1 to KY562847.1
trap (Thrombospondin-Related Anonymous Protein) FJ423465.1 to FJ423472.1, FJ42346574.1, FJ588019.1 to FJ588023.1
msa-1 (Merozoite Surface Antigen-1) AB612244.1 to AB612251.1, AB763993.1 to AB763997.1, AB764000.1, AF275911.1, EF640942.1 to EF640954.1,

LC099095.1 to LC099097.1, LC099099.1
msa-2b (Merozoite Surface Antigen-2b) KX384021.1, KX384023.1 to KX384026.1, NW 001820854.1
msa-2c (Merozoite Surface Antigen-2c) HM352731.1 to HM352735.1, KX384028.1 to KX384033.1, KX384035.1 to KX384039.1
Bv-80 (Rhoptry Protein Of Merozoite) AY727909.1, JX088041.1, JX088042.1, JX088044.1 to JX088046.1, JX088049.1, KF111549.1 to KF111555.1
ITS region (Internal Transcribed Spacer) EF458270.1, EF458275.1 to EF458278.1, EF458280.1, EF458285.1 to EF458292.1, EF458297.1 to EF458302.1,

HQ264121.1, HQ264122.1, KF928960.1
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diversity and due this low diversity level the phylogenetic tree pre-
sented no resolution in clades.

Still, the sequences deposited on GenBank for Bv80, sbp-2, sbp-4,
trap, msa-1, msa-2b, msa-2c and ITS region presented low level of con-
servation into some sites and they were analyzed more carefully.

3.1. Spherical body protein-1 or Bv80 or Bb-1

Bv80, also known as Bb-1, is a single-copy gene encoding the B. bovis
spherical body protein-1, with conserved 5′- and 3′-terminal regions
separated by variable-length tandem repetitive sequences, which are
responsible for the polymorphism of the corresponding genes (Brayton
et al., 2007). This variable portion that includes the repetitive se-
quences of Bv80 has been used to differentiate subpopulations of B.
bovis (Wilkowsky et al., 2009). The virulent field isolates and the at-
tenuated strains were already identified based in intra- and inter-strain
diversity in the Bv80 gene (Mazuz et al., 2012), and the selection has
been associated with the reduction of allelic Bv80 diversity (Baravalle
et al., 2012).

We analyzed the Bv80 nucleotide diversity using 14 sequences de-
posited on GenBank. Although there are few available provided by only
two different studies, we noted that there was a separation in two
specific clades between attenuated strains and isolated field strains
(Fig. 1). However, just a sequence (AY727909.1) that presented the
most significant distance between field strains is related to a vaccine
strain used in Israel. One possible explanation for this fact is that the
variable portion of the gene has tandem repeats. This sequence, because
it did not have repetition insertionevidenced in the attenuated strains,
was grouped with the field isolates, already indicating a distance of
these sequences. New studies should be conducted to understand the
evolutionary profile of this gene to be used like a molecular marker
attenuation and virulence.

3.2. Internal transcribed spacer 1 and 2

The rRNA internal transcribed spacer 1 (ITS1) and internal tran-
scribed spacer 2 (ITS2) have been used as a diversity marker in

phylogenetic analyzes for the separation of closely related species, re-
cognition of new species, determination of conspecificity between iso-
lates, discrimination within a species, and differentiation between pir-
oplasm species and subspecies (Zahler et al., 1998; Collins and Allsopp,
1999; Aktas et al., 2007). This sequence is useful in molecular studies
since it is flanked by SSU rRNA and large subunit rRNA genes, highly
conserved between closely related species. The ITS regions are sepa-
rated by the 5.8S gene but are not subject to the same functional con-
straints as the rRNA genes, making this region subject to higher evo-
lutionary rates and high level of nucleotide diversity (Hillis and Dixon,
1991).

In our study, we performed a phylogenetic analysis using 23 se-
quences from GenBank. All sequences were deposited by the same re-
searchers and were related to samples collected from several locations
of America (Argentina, Brazil, Mexico, Uruguay and USA), Africa
(South Africa), Asia (India) and Oceania (Australia). Curiously, the
strains were not strictly grouped by location indicating that the evo-
lutionary profile of this genomic region presents something different
related to the interaction parasite-host. The phylogenetic tree showed
two clades (A and B) and each one presented subclades (AI, AII, BI and
BII) and two sub groups for subclade AI and AII, respectively (AI-1, AI-
2, AII-1 and AII-2), as evidenced in Fig. 2. Intending to confirm this
classification, a greater number of sequences should be included in
future analyzes, from different sites (including attenuated and patho-
genic strains).

3.3. Merozoite surface antigens 1, 2b and 2c

There is a protein group distributed on the merozoite surface that
has been a target to vaccine development due to their antigenic prop-
erties, MSA-1 and MSA-2. The blocking induction of merozoites and
sporozoites invasion in immunized animals is accomplished by the in-
teraction of the antibodies with the MSA proteins (Mosqueda et al.,
2002). These proteins present the regions amino- and carboxy-terminal
highly conserved but the exposed portion (central region) is variable
(Hines et al., 1992). The hypervariable part presents a high number of
proline, which is evolved in the binding site into the host cell (LeRoith

Fig. 1. Phylogenetic analysis of Bv80 gene from Babesia bovis using sequences deposited on GenBank. A: Attenuated strains; B: Field strains. The evolutionary history
was inferred by using the Maximum Likelihood method based on the Kimura 2-parameter model. The percentage of trees in which the associated taxa clustered
together is shown next to the branches. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter =
0.3306)) according to JModelTest appointment. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis
involved 14 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 682 positions in the final dataset.
Evolutionary analyses were conducted in MEGA7.
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et al., 2006). The msa-1 and msa-2 genes are single-copy genes located
into chromosome 1 and they are members of the variable merozoite
surface antigen family. The msa-2 locus is organized into four tandemly
arranged and expressed genes (two msa-2a genes, msa-2b, and msa-2c)
(Brayton et al., 2007). The MSA-2a and MSA-2b also can be associated
with erythrocytes invasion. (Florin-Christensen et al., 2002). The hy-
pervariable gene portion was associated to the characteristics related to
immunogenicity and neutralization by antibodies indicates this region
to undergo strong selection pressure and could be considered as an
excellent indicator of attenuation or pathogenicity.

Based on these considerations, we performed phylogenetic analyses
using all sequences from GenBank for msa-1, msa-2b and msa-2c.
Regarding to msa-1 sequences, we could identify sequences from sev-
eral locals, virulent strains, field isolates, from epidemiological
screening and as we observed in the ITS regions analyzes, there was not
grouping by geographic site. Themsa-1 presented three different clades,
which we suggest like I, II and III (Fig. 3). The clade I contain sequences
from four different work groups, with deposited sequences from Thai-
land, Brazil, Ghana, Mexico, USA and Mongolia and it was divided into
two well-defined groups, I-1 and I-2; into the group I-1 was included the
sequence T2B, the virulent strain from Texas (USA). Even, the clade II
was generated just with sequences related to field isolates from Mexico.
Like the clade I, the clade III was divided into two groups, III-1 and III-2
with strains from Brazil, Mexico, and Thailand, with the III-2 group
contained just sequences from Thailand. We hadn't enough information
related to clinical conditions of animals, e.g., if the sequences were from
sick or healthy animals. However, we considered that this gene is under
intense selection pressure and future studies can indicate differences
between attenuated and pathogenic strains.

The analysis performed with msa-2b gene indicated the formation of
two clusters (Fig. 4); however, just six sequences were used in this
analysis and all of these are from just a single research group from
Brazil related to the unpublished data about genetic diversity and
phylogenetic analysis of B. bovis in cattle from Mozambique. The
samples were obtained from healthy animals, without clinical signals,
and from endemic regions. The cluster I presented the strain T2Bo, the
attenuated strain from Texas (USA). Due to the origin and the small
number of sequences, it is not possible to conclude if there is any re-
lation between attenuation and pathogenicity in the formation of the
clades. Strains from endemic regions are present in animals that act as

reservoirs but may eventually lead to clinical cases, either by the ap-
pearance of a variant with an adaptive advantage for pathogenicity or
by cattle immunological failures. By the way, the gene presented en-
ough variation to conduct studies related to the genetic diversity of B.
bovis.

For the gene msa-2c, we used 16 sequences from GenBank. These
sequences are from Mozambique and the all regions from Brazil (South,
Southeast, North, Northeast and Midwest). We also obtained two clades
(Fig. 5). In the first one, the sequences from Brazil formed a mono-
phyletic group, with low variation degree, but other four sequences
from Mozambique grouped with a reduced resolution into the cluster I-
1. The Brazilian isolates were obtained from endemic regions with
animals naturally infected. However, in an isolated experiment con-
ducted with splenectomized animals, there was developing babesiosis
and some animal died. These sequences are more distant phylogeneti-
cally of the other strains into the same clade, which could indicate some
variation that confers an adaptive advantage of the parasite and in-
creases its capacity to cause disease, since the splenectomy reduces the
selection pressure acting on the parasite. The clade I-2 presented just
sequences from Mozambique and the sequences are very similar with
no evidence of differentiation between them. The cluster II contains
only sequences from Mozambique and healthy animals. It is worth
noting that the search for attenuation and virulence markers in silico or
in vitro studies is essential since the use of animals for this purpose has
many ethical implications.

3.4. Thrombospondin-related anonymous protein (trap)

The trap gene is located in chromosome 2 and contains five exons,
2128 nucleotides, which encode 660 amino acids. The region between 1
and 26 is associated with signal peptide and from 27 to 660 is related to
the protein chain (Brayton et al., 2007). This is a protein family
member identified into the micronemal structure in all apicomplexan
parasites and is involved in interaction cell-matrix process (Morahan
et al., 2009). These proteins can be immunogenic potential since re-
combinant proteins of homologues genes from B. bovis and B. gibsoni
were capable to inhibit the parasite host invasion (Zhou et al., 2006).
Considering that these proteins are expressed on the surface of the
primary stages of the parasite and thus have immunogenic potential,
the gene is under strong selection pressure of the host's immune system

Fig. 2. Phylogenetic analysis of ITS regions from Babesia bovis using sequences deposited by GenBank. A: Genogroup A; AI: subgroup I of genogroup A; AII: subgroup
II of genogroup A; B: Genogroup B; BI: subgroup I of genogroup B; BII: subgroup II of genogroup B. The evolutionary history was inferred by using the Maximum
Likelihood method based on the Tamura 3-parameter model. The percentage of trees in which the associated taxa clustered together is shown next to the branches. A
discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 0.1657)). The tree is drawn to scale, with
branch lengths measured in the number of substitutions per site. The analysis involved 23 nucleotide sequences. All positions containing gaps and missing data were
eliminated. There were a total of 583 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.

P.V.M. Simas, et al. Infection, Genetics and Evolution 79 (2020) 104161

4



and may be a good virulence molecular marker. In our analyzes (Fig. 6),
we identified variation between field isolates (clade II), attenuated
strains and virulent strains (without specific separation within clade 1,
although subgroups were observed: I-1 contains two vaccine strains and
one virulent -FJ423468.1-; I-2 only virulent strains; I-3 attenuated and

virulent from multiple locals). One possible explanation can be few
sequences and small fragments with only 445 nucleotides were used
(just a quarter of the gene). Thus, we suggest that analyzes with larger
fragments and with a greater sequences number from diseased animals
and asymptomatic carriers could elucidate this question and indicate if

Fig. 3. Phylogenetic analysis of msa-1 gene from Babesia bovis using sequences deposited on GenBank. I, II e III: genogroups I, II and II, respectively; I-1 and I-2:
subgroups 1 and 2 of genogroup I, respectively; III-1 and III-2: subgroups 1 and 2 of genogroup III, respectively. The evolutionary history was inferred by using the
Maximum Likelihood method based on the Tamura 3-parameter model. A discrete Gamma distribution was used to model evolutionary rate differences among sites
(5 categories (+G, parameter = 1.2907)). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 32
nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 927 positions in the final dataset. Evolutionary analyses
were conducted in MEGA7.

Fig. 4. Phylogenetic analysis of msa-2c gene from Babesia bovis using sequences deposited on GenBank. I and II: genogroups I and II, respectively. The evolutionary
history was inferred by using the Maximum Likelihood method based on the Tamura 3-parameter model. The tree is drawn to scale, with branch lengths measured in
the number of substitutions per site. The analysis involved six nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a
total of 737 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.
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this gene can be used as a good marker of pathogenicity in genetic
diversity studies of B. bovis.

3.5. Spherical body protein 2 and 4

The apicomplexans present a group of dense granules that are
homologues to SBPs proteins identified within spherical body orga-
nelles in B. bovis (Liu et al., 1997). SBP2 was identified in the ery-
throcyte membrane, which may play the same vital roles in adhesion.
Furthermore, SBP proteins contribute to growth, development, survival
parasites within erythrocytes and cause erythrocytic membrane per-
meability alterations (Lobo et al., 2012).

This gene family expresses 13-member located on chromosome 2
and chromosome 3. In chromosome 3 occur in three clusters of two,
four and five truncated genes. Studies conducted by Pedroni et al.
(2013) and Gallego-Lopez et al. (2018) showed the truncated gene sbp-
2 t (7, 9 and 11 – BBOV_III006460, BBOV_III006500, and

BBOV_III006540, respectively) were transcribed in a manner upregu-
lated in attenuated strains when compared to the virulent parental
strains (Pedroni et al., 2013; Gallego-Lopez et al., 2018). Little is known
of why these genes were upregulated in the Babesia bovis attenuation
process, indicating the need for diversity studies to understand the
genetic mechanisms involved in the virulence attenuation process.

We selected sequences from four different works and constructed a
phylogeny. We could observe a significant variability between the se-
quences in three clades and several subclades (Fig. 7). However, all
sequences were obtained of healthy animals from epidemiological
studies, endemic regions (Nagano et al., 2013); related this last one, the
study was performed in farms without any ticks control system, in-
dicating that the strains have mainly undergone selection pressure from
the host immune system. The sequences from this study were clustered
into two of three clades; the clade II was formed with just a sequence
from Bahia, Northeast region from Brazil (AB772321.1). All subclades
were composed by strains from different countries, as in the case of

Fig. 5. Phylogenetic analysis of msa-2c gene from Babesia bovis using sequences deposited on GenBank. I and II: genogroups I and II, respectively; I-1 and I-2:
subgroups 1 and 2 of genogroup I, respectively. The evolutionary history was inferred by using the Maximum Likelihood method based on the Tamura 3-parameter
model. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 16 nucleotide sequences. All positions
containing gaps and missing data were eliminated. There were a total of 750 positions in the final dataset. Evolutionary analyses were conducted in MEGA7.

Fig. 6. Phylogenetic analysis of trap gene from Babesia bovis using sequences deposited on GenBank. I and II: genogroups I and II, respectively; I-1, I-2 and I-3:
subgroups 1, 2 and 3 of genogroup I, respectively; II-1 and II-2: subgroups 1 and 2 of genogroup II, respectively. The evolutionary history was inferred by using the
Maximum Likelihood method based on the Tamura 3-parameter model. The tree is drawn to scale, with branch lengths measured in the number of substitutions per
site. The analysis involved 14 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 445 positions in the final
dataset. Evolutionary analyses were conducted in MEGA7.
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subclade III was observed strains from Vietnam and Brazil, indicating
something similar related to the adaptive profile of the gene sbp-2 in B.
bovis evolution. Even using a small fragment of the gene (581 nucleo-
tides), there was a great diversity among the strains coming from dif-
ferent geographic regions, and that were not grouped by region. All
these data suggest that sbp-2 should be better studied to indicate its
relationship with attenuation profile of this parasite.

The sbp-4 gene is located into chromosome 4 that presents just an
exon with 1508 nucleotides. The CDS is located between positions
147..1265, coding a peptide with 372 amino acids (Brayton et al.,
2007). SBP4 was identified to be secreted throughout the cytoplasm.
Although many studies have been shown that SBP proteins are good
vaccine candidates, but the genetic and functional roles must be better
evaluated.

Our analyses were conducted using 27 nucleotides sequences with a
fragment 493 nucleotides of sbp-4 gene from Indonesia and South
Africa. We identified two different clades with two subclades each one
(Fig. 8). Due to the small fragment and low geographic variation be-
tween the isolates (strains from only two different sites); we observed a
lower degree of diversity within each clade and subclade when we
compared with phylogenetic analysis using sbp-2. However, the two
clades were very divergent. The subclades I-1, II-1 and II-2 were formed
with just sequences from Indonesia and the subclades I-2 and II-3, with
sequences from South Africa. So, the real diversity of B. bovis using sbp-
2 only will be understood using a more significant fragment and a
greater geographic variation of isolates.

The persistence and genomic evolution of Babesia genus are com-
plex and do not fully understand. The interaction between host and
pathogen is complex and exerts a strong impact on the evolution of the
parasite genomes (Allred, 2019).

4. Conclusions

We selected genes according to their functional and immunogenic
abilities to conduct phylogenetic analysis and to understand the genetic
diversity of Babesia bovis isolates from different geographic regions of
the world. Among the 15 selected genes, only eight presented sufficient
genetic variation for phylogeny studies. It was possible to observe that
GenBank does not have enough data to conclude on molecular markers
for attenuation or virulence. Some genetic groups presented no corre-
lation with geographic region, which could indicate some common
evolutionary characteristic related to the interaction parasite-host in-
dependent of location. So important as understanding host defense
mechanisms is to understand the evolutionary mechanisms of the
parasite and also provide effective prophylactic and therapeutic mea-
sures to livestock producers. The genes evaluated presented enough
diversity to carry out diversity studies, however, only analyzes per-
formed with the BV80 genes used sequences from animals or mechan-
isms of attenuation of the parasite in different clinical conditions of the
host. Thus, we suggest that new studies using these genes in different
parasite populations, clinical conditions, and level of pathogenicity can
be developed.
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categories (+G, parameter= 0.2559)). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 21
nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 581 positions in the final dataset. Evolutionary analyses
were conducted in MEGA7.
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