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SHORT COMMUNICATION

Genetic Diversity of Colombian Sylvatic Trypanosoma cruzi
Isolates Revealed by the Ribosomal DNA
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American trypanosomiasis is a common zoonosis in Colombia and Trypanosoma cruzi presents a wide distribu-
tion throughout the country. Although some studies based on enzyme electrophoresis profiles have described the
population structure of the parasite, very few molecular analyses of genotipic markers have been conducted using
Colombian strains. In this study, we amplified the non-transcribed spacer of the mini-gene by PCR, typing the
isolatesas T. cruzi I, T. cruzi zymodeme 3 or T. rangeli. In addition, theinternal transcribed spacers of the ribosomal
gene concomitant with the 5.8SrDNA were amplified and submitted to restriction fragment polymor phism analysis.
The profiles were analyzed by a numerical methodology generating a phenetic dendrogram that shows heterogene-
ity among the T. cruzi isolates. This finding suggests a relationship between the complexity of the sylvatic transmis-
sion cycle in Colombia and the diversity of the sylvan parasites.
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Trypanosoma cruz is a zoonotic protozoan parasite
that is perpetuated in nature through atransmission cycle
that involves triatomines, the invertebrate vectors, and
wild mammal reservoirs. Eventually, with the adaptation
of the insects to human dwellings, adomiciliary cycleis
established and domestic animals may becamereservoirs
of T. cruz. The proximity of thedomiciliary transmission
cycle to humans results in the latter becoming an acci-
dental host, and victim of Chagas disease.

Biochemical and molecular markers have been investi-
gated in order to find correlations between T. cruz phe-
notypes or genotypes and the different biological and
epidemiological features of these adaptable organisms.
Studies based on enzyme electrophoretic profiles (Miles
etal. 1977, 1978, 1980) identified three distinct zymodemes
of T. cruz isolatesinBrazil: zymodeme 1 (Z1) and 3 (Z3),
associated with the sylvatic environment, and zymodeme
2 (Z2) with the domestic transmission cycle.

A high degree of variability was corroborated and ex-
tended when more loci where analyzed and after the ap-
plication of aplethoraof distinct molecular methods (Mo-
rel et al. 1986, Tibayrenc & Ayala 1988, Macedo et al.
1992, Henriksson et al. 1996). Neverthel ess, thisdiversity
could not be consistently correlated with aparticular clini-
cal presentation, epidemiological circumstances of trans-
mission or geographical origin.
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Despite the aforementioned diversity, PCR amplifica-
tion of sequences from the 24Sa ribosomal RNA gene
and from the mini-exon gene non-transcribed spacer, dem-
onstrated adimorphism among T. cruz isolates (Souto et
a. 1996, Fernandeset al. 19983, 1999) that correlateswith
Z1(T.cruzi l)and Z2(T. cruz I1) (Fernandeset al. 1998a,
1999). Further analysis of the mini-exon gene of Z3 iso-
lates defined thisgroup asadiscrete cluster but related to
T. cruzi | (Fernandeset al. 1998b).

In Colombia, Saraviaet al. (1987) observed that iso-
lates from different hosts, ecological settings and geo-
graphic locations belong to Z1 and/or Z3. Zymodeme 1
stocks were found to circulate both in the sylvatic and
domestic environment and Z3 was found exclusively in
the sylvatic cycle. Further biochemical and molecular
analysis of Colombian T. cruzi strains from several dis-
tinct geographic origins confirmed the previous findings
and the geographic confinement of certain stocks was
described (Jaramillo et al. 1999).

Inthe current report, using amultiplex PCR assay based
on the non-transcribed spacer of the mini-exon gene
(Fernandeset al. 2001), 14 Colombian Trypanosoma iso-
lates from distinct hosts and geographic regions were
typed, observing that they could be clustered into T. cruz
| (tenstocks), T. cruzi Z3 (two stocks) and T. rangeli (two
stocks). T. dionisi was used as a negative control con-
firming the specificity of the proposed primers (Fernandes
et al. 2001), showing no amplified products (Table, Fig-
ure).

Intra cluster heterogeneity was investigated using a
typing approach based on the variability of the internal
transcribed spacer (ITS) of theribosomal cistron (rDNA).
Oligonul ceotides were used to amplify theregion corre-
sponding to the 5.8S rDNA plus the two flanking ITS as
described elsewhere (Cupolillo et al. 1995, Fernandes et
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al. 1999). The PCR products were further submitted to
RFL P anaysiswith six endonucleases (Rsal, Haelll, Eco
RI, Tagl, Bst Ul and Sau 3Al). DNA fragmentswere sized
after acrylamide gel electrophoresis and silver staining.
Therestriction profileswereanalyzed by anumerica meth-
odology (Jaccard’s coefficient) and the generated matrix
wasanayzed by unweighted pair-group method with arith-
metic averages (UPGMA) generating a phenetic dendro-
gram (Figure).

The analysis shows that al isolates typed by mini-
exongeneasT. cruzi | constituted asingle cluster having
two clearly demarcated groupingswith alow level of simi-
larity between them (0.233-0.676). Thetwo Z3 isolates
clustered together asa separate branch. T. rangeli strains
defined another cluster, and T. dionisi was found to be
the most divergent species among the group of strains
analyzed. The two typing markers produced congruent
results. The three principal clusters observed in the
phenogram were corroborated by the multiplex PCR ex-
periments, giving productsof 200bp, 150bp and 100bp to
T.cruz | (Tcl), T. cruzi Z3(Z3) and T. rangeli (Tr), respec-
tively (Figure). However, whileintra-group polymorphism
was revealed by the RFLP of the ITSTDNA no variation
was observed in the size of the amplified spot of the non-
transcribed spacer of the mini-exon gene, among isolates
from the same group.

The two Z3 isolates present alow level of similarity
between them. Both Z3 stockswere derived from the same
tropical rainforest region (Tumaco, Southwest Colombia)
but from different mammal hosts (Rattus sp. and Dassypus
sp.). The genetic diversity found in Colombian Z3 iso-
lates may be the reflection of its participation in the syl-
vatic cyclewith the extremebiodiversity of putative mam-
mals and vectors and therefore an increased possibility
of independent cycles of transmission and selective pres-
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sures by different hosts. Cycles of genetically distinct
parasites may be maintained in nature within specific hosts
present in the same ecotope (Fernandes et al. 1999). As
observed for isolates from the Brazilian Amazon basin,
Z3 strainsfrom Colombia seem to be associated with ter-
restrial habitats and ground dwelling mammals.

: _

0,0 =

0,2 =

0,4

0,6 =k

0,8 mi

Tel z3
Phenetic dendrogram based on the restriction fragment length poly-
morphism of rDNA products (ITS+5.85+ITS) and correlation with
mini-exon genotypes of Trypanosoma sp. strains. Tc I: T. cruz I;
Tc ll: T. cruz 1l; Z3: zymodeme 3; Tr: T. rangeli; Td: T. dionisi; NC:
negative control (no DNA was added to the reaction); MW: Mo-
lecular Weight Marker, 100 bp DNA ladder.
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TABLE
Mini-exon gene genotypes of Colombian Trypanosoma sp. strains
Code Strain Geogreficorigin Transmission Mini-exon
(Municipality, Department)  Host cycle Zymodeme © genotype

1 3502 Tumaco, Narifio (SW) Didelphis marsupialis Sylvatic Z1llike TCI

2 Xeno-37 Villavicencio, Meta (CE) Human Domicilary Z1like TCI

3 Ep-74 P Orucue, Casanare (CE) Rhodnius prolixus Sylvatic Z1like TCI

4 5142 Tumaco, Narifio (SW) D. marsupialis Sylvatic Z1like TCI

5 Ep-243P  Puerto Gaitan, Meta (CE) R. prolixus Sylvatic Z1like TCI

6 Ev-70° Villavicencio, Meta (CE) R. prolixus Sylvatic Z1like TCI

7 3222 Tumaco, Narifio (SW) Rattusrattus Sylvatic Z1llike TCI

8 Bp-18 Guateque, Boyaca (CE) Triatoma sp. Domicilary Z1like TCI

9 5102 Tumaco, Narifio (SW) D. marsupialis Sylvatic Z1like TCI
10 Choachi6  Choachi, Cundinamarca(C)  R. prolixus Domicilary Z1like TCI
11 2802 Tumaco, Narifio (SW) Proechimys semiespinosus  Sylvatic ND Z3
12 509 & Tumaco, Narifio (SW) Dassypus sp. Sylvatic ND Z3
13 Ev-39° Villavicencio, Meta(CE) R. prolixus Sylvatic T. rangeli 2 T. rangeli
14 508 & Tumaco, Narifio (SW) D. marsupialis Sylvatic T. rangeli 2 T. rangeli
15 T. dionisi London/71/BPUC/3 Bat

a Travi et al. 1994; b: Saraviaet a. 1987; ¢: zymodeme classification was previously described by Saraviaet a. (1987). Theisolate
Choachi 6 waskindly provided by Dr Felipe Guhl, Universidad delos Andes, Bogoté, Colombia; ND: not determined. TC: T. cruz
I; Z-3: zymodeme 3; SW: Southwest; SE: Southeast; CE: Eastern central; C: Central region. Code correspondsto the number depicted

inthefigure.
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Likewise, thetwo T. rangeli stocks were positioned
in the same branch but had alow level of similarity. This
may be attributable to the different host (Didelphis
marsupialis and Rhodnius prolixus) or geographic ori-
gin (Southwest and Central-East Colombia) of the para-
sites. However very limited heterogeneity was detected
among 16 strainsof T. rangeli from different geographic
regions and epidemiological circumstancesin Colombia
based on 13 different isoenzymes (Holguin et a 1987).
Hence it is possible that this particular marker is more
polymorphic than constitutive enzymes. It is interesting
that two groups of T. rangeli were previously described
by Vallego et a. (1994) when amplifying the conserved
region of minicircle molecules. Polymorphism among
strainsfrom distinct geografical origin wasalso evidenced
using the mini-exon primary DNA sequence and low strin-
gency single specific primer PCR (L SSP-PCR) profiles
(Grisard et al. 1999). Therefore, as different markers are
examined the finding of polymorphism among T. rangeli
isolatesis becoming acommon observation.

Theheterogeneity among T. cruz | from Colombia, as
shown in the phenogram, may be attributed to the differ-
ent host origin of the isolates and suggests a complexity
of the sylvatic transmission cycle in this area
(D’ Alessandro et al. 1984, Loyolaet al. 1987, Travi et a.
1994). Both invertebrate (triatomines) and wild mamma-
lian hosts may be acting as biological filters selecting
parasite sub-populations, resulting in the presence of T.
cruzi | asapredominant group in Colombia. In this coun-
try, the description of Z1 circulating in both the domestic
and sylvan environment may seem to contrast with the
findingsin Brazil, where this zymodemeis preferentially
associated with the sylvatic cycle.

Lainson et al. (1979) stated that cases of Chagas dis-
ease in the Brazilian Amazon might be derived from spo-
radic visit of wild triatominesto human dwellings near the
forests or from the eventual contact of the inhabitants of
aspecificareawiththe sylvatic cycle of the parasite. There-
fore, itisdifficult to definethelimit between the domestic
and sylvatic environment in this setting. Probably, thisis
the same ecological scenario that occursin Colombia, ex-
plaining the finding of Z1 in both the domestic and syl-
vatic transmission cycles of the parasite. T. cruz | has
been associated with low morbidity areas in Brazil
(Fernandeset al. 1998a) and thismay bethe reason for the
high rate of assymptomatic Chagas patientsin Colombia.
Consistent with the findings presented herein, the phylo-
genetic tree generated by UPGMA algorithm with Nei’'s
genetic distance based on MLEE (13 loci) of 23 Colom-
bian T. cruz isolates (Ruiz-Garciaet al. 2000) showstwo
sub-populations of T. cruzi. However, no definition con-
cerning T. cruzi groups(T.cruz |, T. cruz Il or T. cruz Z3)
is assigned to any of the two major branches.

Our study showstwo groupsof T. cruz: T. cruz | and
Z3, associated with transmission cyclesin Colombia, in-
dependently of the geographic origin of theisolates. Fur-
ther work, particularly the analysis of sets of strainsfrom
sites where sylvatic and domiciliary transmission occur
together and evaluation of pathogenicity in model sys-
temsaswell astheinclusion of new markerswill be neces-
sary to assess the implications of the presence of these
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specific sub-populations in the epidemiology of Ameri-
can trypanosomiasisin Colombia.
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