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Abstract Trypanosoma cruzi and Trypanosoma rangeli are
kinetoplastid parasites which are able to infect humans in
Central and South America. Misdiagnosis between these try-
panosomes can be avoided by targeting barcoding sequences
or genes of each organism. This work aims to analyze the
feasibility of using species-specific markers for identification
of intraspecific polymorphisms and as target for diagnostic
methods by PCR. Accordingly, primers which are able to
specifically detect T’ cruzi or T rangeli genomic DNA were
characterized. The use of intergenic regions, generally diver-
gent in the trypanosomatids, and the serine carboxypeptidase
gene were successful. Using T rangeli genomic sequences for
the identification of group-specific polymorphisms and a
polymorphic AT(n) dinucleotide repeat permitted the classifi-
cation of the strains into two groups, which are entirely
coincident with 7 rangeli main lineages, KP1 (+) and KP1
(—), previously determined by kinetoplast DNA (kDNA) char-
acterization. The sequences analyzed totalize 622 bp (382 bp
represent a hypothetical protein sequence, and 240 bp repre-
sent an anonymous sequence), and of these, 581 (93.3 %) are
conserved sites and 41 bp (6.7 %) are polymorphic, with 9
transitions (21.9 %), 2 transversions (4.9 %), and 30 (73.2 %)
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insertion/deletion events. Taken together, the species-specific
markers analyzed may be useful for the development of new
strategies for the accurate diagnosis of infections. Further-
more, the identification of T rangeli polymorphisms has a
direct impact in the understanding of the population structure
of this parasite.

Keywords Trypanosoma cruzi - Trypanosoma rangeli -
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Introduction

Trypanosoma cruzi and Trypanosoma rangeli are closely re-
lated protozoan parasites which are able to infect humans.
Their geographical distribution overlaps in Central and South
America sometimes resulting in the occurrence of mixed
infections both in vertebrate and invertebrate hosts (Vallejo
etal. 2009). T cruzi is the etiological agent of Chagas’ disease,
and T rangeli is considered harmless for the vertebrate host.
However, T rangeli antigens induce a humoral immune re-
sponse in the host leading to the production of antibodies that
cross-react with 7 cruzi antigens and may interfere with the
diagnosis of Chagas’ disease (Guhl et al. 1985).

In Brazil, three human cases of trypanosomiasis rangeli
were reported in the Amazon region (Coura et al. 1996), and
two cases of coinfection with 7' cruzi were described (De
Sousa et al. 2008). This fact contrasts with the high prevalence
of T’ rangeli or T rangeli-like parasites described and isolated
from wild mammals and triatomines (Dias et al. 2010).

The characterization of 7. rangeli kinetoplast DNA
(kDNA) allowed the determination of two main 7' rangeli
lineages named KP1 (+) and KP1 (-) (Vallejo et al. 2002),
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which were later confirmed by analysis of other chromosomal
regions (Vallejo et al. 2003; Cabrine-Santos et al. 2011).
Interestingly, T’ rangeli KP1 () strains were associated with
vectors of the pallescens group, and the T' rangeli KP1 (+)
strains were associated with the prolixus group, suggesting the
coevolution between these subpopulations and the two species
of the genus Rhodnius (Urrea et al. 2005).

DNA-based detection methods can be useful tools for
determining intraspecific polymorphisms (Branddo et al.
2008; Jaeger and Branddo 2011) and an alternative for the
differential diagnosis of infections. Microsatellites (MS) are
repetitive sequences of mostly one to six nucleotides which
have a widespread occurrence particularly in multicellular
organisms (Devera et al. 2003). In T cruzi, the amplification
of microsatellite polymorphic loci was proven to be an impor-
tant tool for direct typing T’ cruzi in biological samples
(Macedo et al. 2001). Single-nucleotide polymorphisms
(SNPs) consist mostly of base substitutions in single nucleo-
tide positions and are useful markers in population genetics
and evolutionary studies (Landegren et al. 1998). In protozoa,
SNPs present in the coding regions of genes may alter the
primary structure of a protein involved in drug metabolism
and are targets for pharmacogenetic analyses (Evans and
Relling 1999).

In view of the importance of the development of new
techniques for the correct diagnosis of Chagas’ disease, this
study focuses on the specific molecular identification of
T cruzi and T rangeli based on independent genomic DNA
markers and on the study of sources of genetic variability in
different isolates of 7' rangeli.

Materials and methods
Parasite strains

In this work, we used eight 7" rangeli strains and four 7' cruzi
strains. T’ rangeli KP1 (+) strains (P07, P02, P18, P19, and
Cas4) were isolated from blood culture and xenodiagnosis
from opossums (Didelphis albiventris) captured in Minas
Gerais, Brazil (Ramirez et al. 2002). T rangeli KP1 (—) strains
(SO18, S0O29, and Gal60) were provided by Dr. Jaime
Moreno, Departamento de Biologia, Faculdad de Ciencias
Exactas y Naturales, Universidade de Antioquia, Colombia.
T cruzi strains Alv, AQ2 (Cabrine-Santos et al. 2011), Y
(Silva and Nussenzweig 1953), and JG (Andrade et al.
1999) were previously characterized. Further information
about T cruzi and T rangeli strains used in this work are
presented in Table 1. DNA samples of Leishmania major
Friedlin, Leishmania infantum JPCMS, and Leishmania
braziliensis M2904 were provided by Dr. Angela Kaysel
Cruz, Faculdade de Medicina de Ribeirao Preto, Universidade
de Sao Paulo, Brasil.
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Culture conditions and genomic DNA purification

Epimastigote forms of 7’ cruzi and T rangeli were cultured at
28 °C in liver infusion tryptose (LIT) medium supplemented
with 3 % (v/v) human urine (Ferreira et al. 2007), and the cell
density was determined by counting in a hemocytometer.

Parasite genomic DNA was isolated by alkaline lysis of
40 mL of epimastigote culture in the exponential phase of
growth containing approximately 2.5x107 parasites/mL
(Vallejo et al. 1999). DNA samples were quantified at
260 nm using the BioPhotometer (Eppendorf).

Primer design

Primers used in PCR (Table 2) were synthesized by Invitrogen
(CA, USA) and Integrated DNA Technologies (IDT, IA,
USA). PCR was carried out using primers designed from three
classes of sequences: (i) the conserved HSP70 chaperone gene
with 97 % identity between 7. rangeli and T cruzi
(TrypHSP70-F/TrypHSP70-R) used as a control, (ii) species-
specific T cruzi DNA, and (iii) species-specific T rangeli
DNA.

Species-specific 7' cruzi primers (TcIR-F/TcIR-R and
TcSCP-F/TeSCP-R) were designed from the intergenic region
located between a hypothetical protein gene (GenBank acces-
sion number XM 801619.1) and an ubiquitin gene
(XM_801620.1) and a T cruzi serine carboxypeptidase, re-
spectively (El-Sayed et al. 2005).

A hypothetical protein and two anonymous sequences
potentially species-specific for 7' rangeli (Ferreira et al.
2010) were used for the design of primer pairs Tr1F/Tr2R,
Tr3F/Trd4R, and Tr5F/TroR, respectively. Tr1F-B/Tr2R-B,
T6R-B primers were designed to obtain longer amplicons
and consequently more quality on nucleotide sequence.

PCR conditions

Telomeric PCR (Chiurillo et al. 2003) was used to confirm the
species of T’ cruzi and T' rangeli. The reaction was conducted
in a final volume of 30 puL containing 12 mM Tris—HCI (pH
9.0), 2.5 mM MgCl,, 0.24 mM of dNTPs, 1.25 units of Taq
DNA polymerase recombinant (Invitrogen), 30 mM KCI,
0.4 uM of primers, and 1 ng of genomic DNA. PCR condi-
tions were: 94 °C for 4 min and 30 cycles of 55 °C for 30 s,
72 °C for 40 s, and 94 °C for 1 min, followed by 55 °C for
1 min and 72 °C for 3 min.

PCR with primers designed from conserved and specific
sequences of T cruzi, T rangeli, and Leishmania spp. were
conducted in a final volume of 30 pL containing 10 mM Tris—
HCI (pH 9.0), 2.5 mM MgCl,, 0.24 mM of dNTPs, 1.25 units
of Taq DNA polymerase recombinant (Invitrogen), 30 pmol of
each primer pair, and 1 ng of DNA. The amplification program
consisted of an initial denaturation at 95 °C for 4 min, followed
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Table 1 Characteristics of Tiypanosoma cruzi and Tiypanosoma rangeli strains

Species Genotype Strain Hosts Geographical origin Reference
T rangeli KP1 (+) P02 Didelphis albiventris Brazil Marquez et al. (2007)
P07 Didelphis albiventris Brazil Marquez et al. (2007)
P18 Didelphis albiventris Brazil Marquez et al. (2007)
P19 Didelphis albiventris Brazil Marquez et al. (2007)
Cas4 Rhodnius prolixus Colombia Marquez et al. (2007)
KPI (-) SO18 Rhodnius pallescens Colombia Vallejo et al. (2003)
S0O29 Rhodnius pallescens Colombia Vallejo et al. (2003)
Gal60 Didelphis marsupialis Colombia Cabrine-Santos et al. (2011)
T cruzi I Alv Panstrongylus megistus Brazil Cabrine-Santos et al. (2011)
I AQ2 Triatoma sordida Brazil Cabrine-Santos et al. (2011)
I Y Panstrongylus megistus Brazil Silva and Nussenzweig (1953)
I IG Homo sapiens Brazil Andrade et al. (1999)

by 30 cycles of denaturation at 95 °C for 40 s, annealing at
different temperatures according to the pair of primers used
(Table 2) for 20 s, and extension at 72 °C for 15 s followed by
final extension at 72 °C for 10 min in a MyCycler Thermal
Cycler (Bio-Rad, CA, USA). All PCR reactions were optimized
aiming at increasing specificity of the technique (Table 2).

The amplification products were visualized by 1.5 % (w/v)
TAE agarose gel electrophoresis stained with 0.5 pg/mL of
ethidium bromide solution and photographed through the
specific filter in VersaDoc Imaging System (Bio-Rad).

Cloning of T’ rangeli microsatellite fragments

Fragments containing the microsatellites of T' rangeli Cas4
were cloned into the pCR2.1-TOPO vector, forming the plas-
mid pCR-TrMS-Cas4, and the recombinant vector was trans-
formed into Escherichia coli according to manufacturer in-
structions (Invitrogen). The transformed cells were cultured
on LB agar containing ampicillin (100 pg/mL) overnight at
37 °C. Colonies were picked, consecutively numbered,
and inoculated into LB/ampicillin medium and cultured

Table 2 Sequence targets and characteristics of primers designed for PCR

Organism Target (GenBank access) Primer names Primer sequence (5'—3') Product size Annealing
(base pairs) temperature (°C)
T cruziand ~ HSP70 chaperone (F1569253) TrypHSP70-F*  CCCTCGCGGTGAAATACC 241 60
T rangeli TrypHSP70-R*  AGCAAGATTGCACCCACTG
T cruzi Ubiquitin intergenic region TcIR-F° TGTGGACGTTCTGGTGTCAT 295 60
(XM_801619.1 and XM_801620.1)  TcIR-R® CGCAAAAGAAATGAGGGAAA
T cruzi Serine carboxypeptidase TcSCP-F° GTCCGCGAAATTTATGCTGT 621 54
(XM_810350.1) TcSCPT-R® CGCACAGTTCGCAATAAGAA
T rangeli Hypothetical protein (FI569298) Tr1F° CGTATGGCCAAAATCAAATG 189 64
Tr2R® TTTATGCACATGCACGCAA
Tr1F-B® AGGCACAATCATCGTTTTCC 396 64
Tr2R-B¢ AAGCTCACAACAACCCCAAC
T rangeli Anonymous sequence (F1569282) Tr3F° TAGAGGACTCCGTCCTGTCG 262 65
Tr4R® TATCTATTGGCGCGGAACTC
T rangeli Anonymous sequence (FI569284) Tr5F¢ TCATGTAGTTGCCTCGTTCG 250% and ~280° 64
Tr6R® CTTTCACCGCCACATGAAC
Tr5F° TCATGTAGTTGCCTCGTTCG 346% and ~376° 60
Tr6R-B¢ CAGGATTTGGTTGCTTGGTT

SCP serine carboxypeptidase, /R ubiquitin intergenic region, F' forward primer, R reverse primer

* Primers used to control the 7’ cruzi and T’ rangeli DNA integrity
° T cruzi species-specific DNA

¢ Primers designed from the sequences without predicted function of 7. rangeli for amplification of potentially species-specific DNA

4 Amplification product sizes of T rangeli KP1 (=) strains
¢ Amplification product sizes of 7' rangeli KP1 (+) strains
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at 180 rpm overnight at 37 °C for the extraction of plasmid
DNA.

DNA sequencing

The amplification products of P07, P02, Cas4, SO18, SO19,
and Gal60 strains of T rangeli were excised from the agarose
gel and purified using the Silica Bead DNA Gel Extraction Kit
(Fermentas Life Sciences, Canada) and subjected to DNA
sequencing in triplicate. Additionally, both strands of the
pCR-TrMS-Cas4 were sequenced. A plasmid isolated from a
previously described genome survey sequence library of
T’ rangeli P07 strain (pUC19-TrMS-P07, GenBank accession
number FI569284) was purified by the alkaline lysis method
and sequenced as described (Ferreira et al. 2010). The reaction
was carried out in the MyCycler Thermal Cycler under the
following conditions: 96 °C for 1 min, followed by 40 cycles
at 96 °C for 15 s, 50 °C for 15 s, and 60 °C for 4 min. The
nucleotide sequences were analyzed in an ABI PRISM 3130x/
Genetic Analyzer sequencer (Applied Biosystems) using the
Kit Big Dye v3.1 (Applied Biosystems) and the appropriate
forward and reverse primers. Only bases with quality value
(QV) above 20 (<1 % error in reading of bases) were consid-
ered for analysis (QV=-10 log;o(Pe), where Pe is the proba-
bility of error).

In silico analysis with consensus generated by alignment of
forward and reverse sequences was performed using the BLAST
program (Altschul et al. 1990) and the ClustalW program
(Thompson et al. 1994) to achieve the multiple alignments.

Phylogenetic analysis

For the phylogenetic analysis, we first conducted a statistical
selection of best-fit models of nucleotide substitution for both
type of data, i.e., six nucleotide polymorphisms and five
microsatellite sequences, using the jModelTest2 software, that
provides estimates of model selection uncertainty, parameter
importance, and model-averaged parameter estimates, includ-
ing model-averaged tree topologies (Darriba et al. 2012). The
phenograms were calculated using the molecular evolutionary
genetics analysis (MEGAS) integrated tool (Tamura et al.
2011) and visualized using the FigTree graphical viewer
(tree.bio.ed.ac.uk/software/figtree).

Results

Primer design and amplification of genomic markers

The detection of size-specific telomeric sequences by PCR
allowed the confirmation of the 7’ rangeli and T cruzi species.

As expected, it were present amplified products of 170 bp in
P07, P18, P19, SO18, and SO29 T rangeli strains and of
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100 bp products in AQ2, ALV, Y, and JG T cruzi strains
(Fig. 1).

Primer pair TrypHSP70-F/TrypHSP70-R amplified a 241-
bp fragment in both 7 rangeli and T cruzi DNA samples
(Fig. 2a), as a control for DNA quality and integrity in the
reactions. T’ cruzi DNA-specific amplification was achieved
with primer pairs IGTc-F/IGTc-R and TcSCP-F/TcSCP-R,
which specifically amplified products of 295 and 621 bp in
T’ cruzi samples, respectively (Fig. 2b, c).

In the T’ rangeli-specific amplification reactions, PCR with
Tr1F/Tr2R primers amplified a fragment of 189 bp only in
T’ rangeli strains, confirming the specificity of the PCR
(Fig. 2d). Tr3F/Tr4R primers generated fragments of 260 bp
specifically in 7 rangeli (Fig. 2e). PCR with primers
TrSF/Tr6R generated amplicons in both KP1 (+) and KP1
(—) strains. The expected 280 bp fragment was obtained only
for 7' rangeli KP1 (+) strains, and a smaller fragment was
obtained from KP1 (—) strains (Fig. 2f). For all primers used,
no amplification of Leishmania spp. DNA was detected.

Group-specific polymorphisms in 7’ rangeli

In order to investigate further polymorphisms among KP1 (+)
and KP1 (—) T rangeli strains, amplicons generated from the
Tr1F-B/Tr2R-B and Tr5F/Tr6R-B primer pairs were se-
quenced. Both sequences totalize 622 bp (382 bp represent a
hypothetical protein sequence, and 240 bp represent an anon-
ymous sequence), and of these, 581 (93.3 %) are conserved
sites and 41 bp (6.7 %) are polymorphic, with 9 transitions
(21.9 %), 2 transversions (4.9 %), and 30 (73.2 %) insertion/
deletion (indel) events.

T. rangeli
KP1+ KP1- __ T.cruzi  _Ne

MM 1 2 3 4 5 6 7 8 9

bp bp
600
170
100 100

Fig. 1 Characterization of parasite species by telomeric PCR. The am-
plified products were observed in 2.0 % agarose gel stained with ethidium
bromide. Tc189Fw2/Tc189Rv3 and TrF3/TrR8 primers were used in
PCR assays that amplify duplex telomeric and subtelomeric sequences
(Chiurillo et al. 2003) of Tiypanosoma cruzi and Trypanosoma rangeli,
respectively. 7' rangeli strains (1: P07, 2: P18, 3: P19, 4: Cas4, 5: SO18,
and 6: SO29); T cruzi stains (7: AQ2, 8: ALV, 9: Y, and 10: JG); 11:
negative control (NC). MM molecular marker 100 bp (Invitrogen Life
Technologies, Carlsbad, CA), Bands expected 170 bp for T’ rangeli and
100 bp for T cruzi
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T. rangeli

KP1+ KP1- T. cruzi Leishmania Nc.

Fig. 2 Specificity of the primers designed for Tiypanosoma cruzi and
Trypanosoma rangeli. Amplification products separated by electrophore-
sis and observed in 1.5 % agarose gel stained with ethidium bromide.
Primers designed from the 7 cruzi and T rangeli chaperone HSP70
conserved sequence: a TrypHSP70-F/TrypHSP70-R. Specific 7' cruzi
primers: b ubiquitin intergenic region (TcIR-F/TcIR-R) and ¢ serine

Analysis of multiple sequence alignments of these se-
quences allowed the identification of group-specific polymor-
phisms (GSP) in T rangeli. Eight transitions and two
transversions enabled the discrimination between 7 rangeli
KP1 (+) and KP1 (—) genotypes. Thus, the first pair of primers
(ALPTr1F-B/ALPTr2R-B) enabled detection of the following
polymorphisms in KP1 (—) strains compared to KP1 (+)
strains: [KP1 (+)>KP1 (-)]:128 T>C, 160A>C, 196A>G,
223G>A and 338C>T (Fig. 3a). A detail of an electrophero-
gram depicting an example of the GSP at position 128, with a
nucleotide T in the 7 rangeli KP1 (+) strains (P07, P02, and

T. rangeli

KP1+ KP1- T. cruzi Leishmania Nc

d)

bp

MM 1

2 3 4 5 6 78 910 11 12 13 14

carboxypeptidase (TcSCP-F/TcSCP-R). Specific 7' rangeli primers: d
Tr1F/Tr2R, e Tr3F/TrdR, and f TrSF/Tr6R. T’ rangeli strains (1: P07, 2:
P18, 3: P19, 4: Cas4, 5: SO18, and 6: SO29); T cruzi strains (7: AQ2, 8:
ALV, 9: Y, and 10: JG); Leishmania spp. strains (11: L. major, 12:
L. infantum, 13: L. braziliensis); 14: negative control (NC). MM Molec-
ular Marker 100 bp (Invitrogen Life Technologies, Carlsbad, CA)

Cas4) and one substitution (128 T>C) in T rangeli KP1 (-)
strains (SO18, S029, and Gal60) is shown in Online Resource
la and b. By using the Jukes and Cantor (JC) substitution
model suggested by jModelTest2 for phylogenetic analysis, it
is possible to determine a pattern of two groups (group 1: P02,
P07, and Cas4 and group 2: SO29, Gal60, and SO18), which
are in agreement with the parasite genetic groups [KP1 (+) and
KP1 (-), respectively] previously described (Online Resource
Ic). For the second pair of primers (ALPTrSF/ALPTr6R-B),
the following polymorphisms were observed: 25 T>C, 26C>
T, 82C>T, 90 T>C, and 100C>T (Fig. 3b).

Fig. 3 Multiple sequence a) s 160 Lo
allgnment from different strains of P07 GCARAGACATTTGTGACAAAGGCGATETACTCCACGCACTTTAACGCGTTACTGGAGATATGCAAACGCTACTTCCATTGCGTGCATGTGCATAANCCTA 200
5 1 1 4 "AAAGACATTTGTGACAAA( ATGTACTCCAC 'ACTTTAA 'TTACTGGAGATATGCARA 'TACTTCCATT! T TGT T, CCTA 2
Trangell ampllﬁed by PCR using Ccas GCARAGAC! GTGACAAAGGCG. CTCCACGCAC CGCGTTACTG GCARACGCTACTTCCATTGCGTGCATGTG C 00
. . s018 GCAAAGACATTTGTGACAAAGGCGAT] ACTCCACGCACTTTAACGCGTTACTGGAGA[;TGCAAACGCTACTTCCATTGCGTGCATGTGCATAI GCCTA 200
the fbllOVVng primers: a Tr1F-B/ B R L T R .
214 223
Tr2R-B and b Tr5F/Tr6R-B. The P07 CCGACTGTAAACCYGAGAGCCLGGAGACGTACATTGTGGCACGCGACTTTTCTGCACGGCGGTGGCTAGCGGAGGAGAGGCGGGCARAGGGCTTGCACCC 300
comparison among nucleotide Cas4 CCGACTGTAAAQCTGAGAGCCLGGAGACGTACATTGTGGCACGCGACTTTTCTGCACGGCGGTGGCTAGCGGAGGAGAGGCGGGCARAGGGCTTGCACCC 300
. so18 CCGACTGTAAACCTGAGAGCCLAGAGACGTACATTGTGGCACGCGACTTTTCTGCACGGCGGTGGCTAGCGGAGGAGAGGCGGGCARAGGGCTTGCACCC 300
sequences of strains was e = S
: 338
performed using the ClustalW
X P07 CCACTTGACGTTGCCACCTTACCGCGAAGACGTGACH(GTGGGCGCCAGATAATGTGCCGGTGTT TTGTTGTGAGCTT 382
program. Ollly representative Cas4 CCACTTGACGTTGCCACCTTACCGCGAAGACGTGACECGTGGGCGCCAGATAATGTGCCGGTGTT TTGTTGTGAGCTT 382
s018 CCACTTGACGTTGCCACCTTACCGCGAAGACGTGACETGTGGGCGCCAGATAATGTGCCGGTGTT TTGTTGTGAGCTT 382
sequences of KP1 (+) (P07 and
Cas4) and KP1 () (SO18) are b)
shown. Group-specific 25/26 82 90 100
polymorphlsms are indicated by P07 GGAAAGCTGCGGATTGACACGTGT I CEGCGGATGACACGTGCTACGTACACGTAGAGAGTGGTACCTTTCTACTATTAGTGTATTTCCTCRACATGTG] (100
5 . Casda GGAAAGCTGCGGATTGACACGTGTICEGCGGATGACACGTGCTACGTACACGTAGAGAGTGGTACCT TTCTACTATTAGTGTATTTCCTCAACATGTG] (100
boxes and dinucleotide repeats arc Cas4b GGAAAGCTGCGGATTGACACGTGTFCEGCGGATGACACGTGCTACGTACACGTAGAGAGTGGTACCTTTCTACTATTAGTGGTATTTCCTCRAACATGTG( (100
: : so1s GGAAAGCTGCGGATTGACACGTGT L TEGCGGATGACACGTGCTACGTACACGTAGAGAGTGGTACCTTTCTACTATTAGTGATATTTCCACRACATGTGT (100
underlined. Only polymorphic O O T T N e
regions of the amplicons are 251 - 291
h P07 GTGCGGGTTGTTGTTGTTTGTTTCACCTCTTTTTTCGTGCCACTGAACTAATATATATATATATATATATATATATATATATATATATATGTACTCGATT 200
shown cas4a GTGCGGGTTGTTGTTGTTTGTTTCACCTCTTTTTTCGTGCCACTGAACTAATATATATATATATATATATATATATATATAT - - - - - - - - GTACTCGATT 192
Cas4b GTGCGGGTTGTTGTTGTTTGTTTCACCTCTTTTTTCGTGCCACTGAACTAATATATATATATATATATATATATATATAT - - - -GTACTCGATT 190
S018 TGCGGGTTGTTGTTGTTTGTTTCACCTCTTTTTTCGTGCCACTGAACTAATATATATAT -~~~ -~~~ ~-~-~--=~-------=—---—----~ GTACTCGATT 170

Fok kR kR ok kR kR kR kK ko k kK ko ko kK ok ok ko ko k ok ko ko k ok kK kKR kK

kKKK kK
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At position 214, it is possible to observe a pyrimidine-to-
pyrimidine transition (Y) in the T’ rangeli PO7 strain. The
other T rangeli strains have only the nucleotide T in this locus
(Online Resource 2a). The identification of this polymorphism
has been made possible by the fact that the PO7 strain se-
quences were generated from both, amplified DNA (with
sequencing of the two alleles) and recombinant DNA (with
the sequencing of a single allele). The detail of the electro-
pherogram generated from recombinant DNA of the pUC19-
TrSNP-P07 of T’ rangeli GSS (GenBank F1569298) shows the
presence of C nucleotide (Online Resource 2b), and the am-
plified genomic DNA shows the presence of two nucleotides
(C and T) in the position 214 (Online Resource 2c).

Microsatellites in T’ rangeli

Sequences obtained with primers TrSF/Tr6R-B generated
PCR products with distinct sizes due to the variability in the
number of AT(n) in 7 rangeli strains. Dinucleotide repeats
(DRs) constitute one type of microsatellites. Figure 3b shows
the multiple alignments of the sequences obtained from these
primers. Sequencing of the pUC19-TrMS-P07 revealed the
occurrence of 20 DRs (Online Resource 3a). On the other
hand, the determination of the number of DR in the Cas4
amplicon was initially hampered due to the presence
superimposed nucleotides after the 15th DR. The analysis of
the chromatogram obtained from Cas4 strain suggested that
amplification of the MS locus in the Cas4 strain generated two
fragments with different sizes. In order to confirm this hy-
pothesis, amplicons of the Cas4 MS locus (pCR-TrMS-Cas4)
were cloned in a plasmid vector. Sequencing of recombinant
clones confirmed the presence of a fragment of 16 DRs (pCR-
TrMS-Cas4a) and another with just 15 DRs (pCR-TrMS-
Cas4b) in the T’ rangeli Cas4 strain (Online Resource 3a). In
all KP1 (-) strains, only five DRs were observed, generating
an amplified product of smaller size in SO18, SO29, and
Gal60 T rangeli strains (Online Resource 3b). As suggested
by jModelTest2, we have used Kimura substitution model
(K80) for phylogenetic analysis of the AT(n) DRs studied.
As observed in Online Resource 3¢, microsatellite analysis
also allowed the formation of two groups entirely coincident
with the clustering observed for GSP. Other microsatellites
such as AG(3), CTA(2), GTTT(2), and GTTT(2) were also
observed; however, these microsatellites showed no polymor-
phisms among the strains studied.

Discussion
In this study, we have characterized a set of primers which are
able to specifically detect T cruzi or T rangeli DNA in culture

samples. Several techniques have been used to distinguish
T rangeli and T cruzi, using different PCR targets (Vallejo
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et al. 1999; Guhl et al. 2002). Among these, the most com-
monly used are PCRs with primers that recognize repetitive
sequences and that are highly sensitive, since each cell of the
parasite can carry from tens to thousands copies of a particular
target. However, the use of PCR-based amplification of highly
polymorphic regions could be a disadvantage in epidemiolog-
ical studies by the lack of parameters for the comparison of
sequences.

According to El-Sayed et al. (2005), fewer than 5 % of the
protein domains identified in the trypanosomatid genomes
studied so far are unique to a single species. Nevertheless,
identification and diagnosis should be improved by targeting
species-specific, lineage-specific sequences, or genes
encoding proteins with putative roles in host—parasite relation-
ships. In this context, we have explored the divergence in the
intergenic regions of trypanosomatids by designing primers to
specifically amplify T’ cruzi sequences (the intergenic region
between a hypothetical protein gene and an ubiquitin gene).
Another genomic target used in this work was the serine
carboxypeptidase protein, which in 7’ cruzi is involved in the
process of the parasite entry in a wide variety of mammalian
cells (Caler et al. 1998), which is not found in Tivpanosoma
brucei or in L. major (El-Sayed et al. 2005). We have demon-
strated that this target also does not generate amplicons in
T rangeli and could be used in differential diagnosis between
trypanosomes. The amplification obtained reached the expect-
ed objectives with the desired amplification of specific frag-
ments in samples of 7' cruzi.

The use of these genomic approaches for designing of the
specific primers for T’ rangeli from a Brazilian KP1 (+) strain
was successful. Primers Tr1F/Tr2R and Tr2R/Tr3F allowed
the conduction of the PCR with specific amplification of DNA
from T rangeli. Additionally, primers TrSF/Tr6R, besides the
specific amplification of 7 rangeli, allowed the observation of
a differential amplification pattern in 7' rangeli samples. We
have not observed amplification of undesired DNA fragments
of Leishmania spp.

Sequencing of the amplicons from the PCR reaction using
Tr1F-B/Tr2R-B and Tr5F/Tr6R-B primers allowed identifica-
tion of the GSPs. These polymorphisms are entirely coinci-
dent with T rangeli main lineages, KP1 (+) and KP1 (-),
previously determined by kDNA classification (Vallejo et al.
2002) and for other molecular studies that show a bipolarity of
T rangeli genotype (Grisard et al. 1999; Cabrine-Santos et al.
2011; Cuervo et al. 2013). The GSPs detected in this study
(ten events) are mainly transitions and occurred approximately
one GSP every 56 nucleotides. Compared to other sequence
polymorphisms, the frequency of the T’ rangeli GSPs is ap-
proximately ten times greater than the frequency of SNPs
detected in other protozoa. In Plasmodium falciparum, the
frequency of SNPs was determined from the sequence of
chromosome 3 and was estimated in 1/917 bp (Mu et al.
2002). In Plasmodium vivax, the study of a 100-kb region



Parasitol Res (2014) 113:2199-2207

2205

revealed a frequency of 1/523 bp, mainly due to the large
number of intergenic regions analyzed (Feng et al. 2003). In
other trypanosomatids, such as 7' brucei and T cruzi, the
frequency of SNPs is estimated in 1/453 and 1/611 bp, re-
spectively (Jackson et al. 2010, TcSNP v2 online resource).

The presence of polymorphism in 7’ rangeli PO7 strain was
possible by comparing the sequence of a recombinant clone
with the sequence of an amplicon. The recombinant clone
showed the presence of a cytosine in position 214, since
during the cloning process, a single allele is represented in
the plasmid (Ferreira et al. 2010). In contrast, the sequence of
corresponding region of the amplicon showed the presence of
both cytosine and thymine in position 214 (C>T transition).
This observation can be explained by the fact that, after the
initial denaturation, both alleles of the target were amplified
by PCR. The analysis of the locus containing the AT(n) DR
with primers Tr5F/Tr6F-B Cas4 strain also revealed the pres-
ence of a polymorphism between alleles of the Cas4 T rangeli
strain. To our knowledge, these polymorphisms have not been
described for this parasite and may have arisen from sexual
crosses between T rangeli strains, a process already described
for other trypanosomes (Gaunt et al. 2003; Jenni et al. 1986).

Furthermore, sequencing of the PCR products generated
from primers Tr5F/Tr6R enabled the determination of the
presence of polymorphic DRs which divide the species in
two groups related to the previous kDNA classification, thus
justifying the different sizes of amplicons observed in agarose
gels. These results increase the studies of the genetic structure
of T rangeli showing a polymorphism in a species-specific
genomic target in strains that comprise a single group accord-
ing to kKDNA classification (Vallegjo et al. 2002). In our anal-
ysis, the microsatellite identified consists of AT(n) repetitions,
which are considered more stable than others microsatellites,
in particular, CG-rich trinucleotides repeats and CA DRs
(Kuhl and Caskey 1993).

In trypanosomatids, genes are organized into polycistronic
transcription units separated by intergenic regions with fre-
quent DRs in T cruzi (Andersson et al. 1998). Repetitive
sequences were considered initially as useless genomic ele-
ments accumulated as junk (Ohno 1972). Actually, DRs have
been proposed to be involved in regulation of gene expres-
sion, DNA metabolic processes, gene evolution (Li et al.
2002), and as target sequences for specific protein recognition
(Epplen et al. 1996). The anonymous sequence that served as
target for identifying microsatellite in 7' rangeli may be an
intergenic region. In 7' cruzi, there is evidence that intergenic
regions have specific regulatory sequences responsible for
operating at different levels, transcriptional and posttransla-
tional (Venegas et al. 2010; Duhagon et al. 2011).

Indel events and microsatellite variation in mini-exon gene
and internal transcribed spacer (ITS) sequences of rDNA
(Grisard et al. 1999; Beltrame-Botelho et al. 2005) have been
described as sources of genetic variation in 7 rangeli. In

T’ cruzi, the analysis of indel events in the spliced leader
intergenic region (SL-IR) allowed the identification of sub-
groups within the Tc I group (Herrera et al. 2007; Cura et al.
2010). In 7’ rangeli, polymorphisms in the SL-IR and in the
small subunit rDNA (SSU rDNA) (Maia da Silva et al. 2004)
and cathepsin L-like gene (Ortiz et al. 2009) suggest five
subpopulations denoted 7’ rangeli A-E. In T’ cruzi, the genetic
distance among strains can be demonstrated by phylogenetic
analysis based on microsatellites (Oliveira et al. 1998). The
T rangeli analysis of subgroups provides a better understand-
ing of the epidemiology and interaction between the parasite
and the vertebrate and invertebrate hosts (Guhl et al. 2002).

The results obtained by the use of new genomic DNA
markers confirm the specificity of PCR for discriminating
T cruzi and T rangeli strains and for identifying the presence
of polymorphisms in parasite strains. Moreover, the use of the
TrSF/Tr6R-B primers even opened the perspective of identi-
fying different genotypes of 7 rangeli. These primers could be
used in further analysis to test the identification of T rangeli
and T cruzi in humans and other biological fluids.
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