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Abstract
Seventy-two stocks

from both sides of the
Chile and Peru) were

hypothesis of T. cruzi
réviously ProPosed, and
variability within the
different clones (or .

zvmodemes) were identified, which could be-gr99pea
iríó ¡-aiif.rént clusters. Several clones from 2 of these

clusters were isolated both in Chile and Bolivia,
rculation of invertebrate
T. cruzi between these 2

ability in Peru suggested
er effect' in this country.

The potential usefulness of . a cladistic approach in
.pia..i"iology is discussed. i'

Introduction- 
iro.rrzym; elecrropholesig has been wídely used for

thi charícterization of Trypanosoma cruzi Pgpulations
7, 1980) and extensive
has demonstrated a
natuml poPulations

zymodemes described
nes of the parasité, as

',iííff.'#hT$l'f,: ffffr'
an extensive sample of stocks isolated from different

É"d;púcat areás and from various hosts. The
Aitñibirtion of these clones is noteworth-y in two

ilar clones are frequentlY
al proxi*ity, in the same
individual host, either

(BnnNlEne et al., 19-85b;
ria (ii), while most of the

a limited number aPPear to

'major clones' (TtnnvRENC

& BRrNtiiRn, 1988).- ft á Bo[vián domestic cycle is now well known: it
is Characterized by a large number -of different clones

(iti *i,h a heterogeneous distribudon throughout the

*t ót. endemic área, and by the presence of 3

ár F.
| ::L I
t-,LL

- iEür 
,t

highlands, to check Whether the Andes repfesent an

eTñciént á.ographical barrier for T. ctazi,- and to
eiucidate thé btrytogenetic reladonships between
clones of T. ctttzi.

Material and'Methods- 
Porosites. Table I gives all data about the origin of

the 72 stocks studied.

'Auüor for correspondence.



were carried out, by shuffling clone presentation
order, to obtain the most parsimonious tree and check
clustering stability. All programs pertain to the
PHYLIP package corlmunicated by J. Felsenstein.

Results
Further genetic aariability in T. cruzi

Fifteen
tailed in
Among th
clones 2,
1988). The others were closely related to them, since
they presented at most 6 allelic differences our of 24
possible ones, by comparison with the previously
identified clones. We did not number any of the new
clones, since more complete genotype characteriza-
tion is required for fuller understanding of their
phylogenetic relationships with the previously de-
scribed clones.' For the locus Pep l, a putative three-bbnded
heterozygous aspect of a dimeric enzyme (the central

Table l. Geographical and hostal origin and genospes
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band being more intensely stained than the two
extreme ones) was observed for the first time in T.

Number of
stocks Designation

ctlrzi.
SrocÉs presenting i¡oenzym"e patterns typical of tuto mixed
cloncs ;'.

Sqme stocks from Bolivia (Potosi, 5 stocks) and
Perd(Maies valley, I stock) e:*ribited parrerns typical
(TmavRENC et al., 1985) of a mixture óf rwo difiérent

rtained eiüer by cloning
& M¡res, 1982) or by

res of cloned stocks (our

Phylogenetic relatio¡tships and geographical distribution
of the ilones

Standard genetic üstances (Nr\ L972) are shown in

4
2
3
2
I
2
I
I
2

TPA 14
TPC 1,2
TPL 3,4,7
TPN t2,t3
so 34
so 44, 5t
so 18
SP IO4
so 16,29
so 30
so 40
LGN
SPAII
SP 3I
LQ
497
A r05
482
A l 1416,7

Country Place

Bolivia
. Bolivia

Bolivia
Bolivia
Bolivia
Bolivia
Bolivia
Chile

Bolivia
Bolivia
Bolivia
Chile
Chile
Chile
Chile
Peru
Peru
Peru
Peru
Peru
Peru

Bolivia
Bolivia
Bolivia
Bolivia
Bolivia
Bolivia
Bolivia
Bolivia
Chile
Chile
Chile
Chile
Chile
Chile

Bolivia
Bolivia
Bolivia
Bolivia
Bolivia

Peru

4
5

5
2
I
I
2
2
3
I
3
2
I
I
2

of the 72 Trypanosoma cruzi stock§ studied'

Trinidad Pampa Yungas (1600 m)
Coripata Yungas (1800 m)
Chillamani Yungas (1800 m)
Parrarani Yungas (1600 m)
Toropalca Potosio (2700 m)
Vitichi Potosio (3000 m)
Miculpaya Potosio (3000 m)
IVa Region
Miculpava Potosí (3000 m)
Calcha Potosio (2700 m)
Vitichi Potosi (3000 m)
IVa Region
IVa Region
IVa Region
IVa Region
Sihuas valley (1500 m)
Sihuas valley (1500 m)
Sihuas valley ( 1500 m)
Victor valley (2000 m)
Sihuas valley (1500 m)
Majes valley (600 m)
Miculpaya Potosi (3000 m)
Calcha Potosi (2700 m)
Toropalca Potosi (2700 m)
Huatina Potosi
Vitichi Potosi (3000 m)
Otavi Potosi (3400 m)
Khala-khala Yungas (1700 m)
Parrarani Yungas (1600 m)
IVa Regiqn
IIIa Region
IVa Region
IVa Region
IIIa Region
IVa Region
Miculpaya Potosi (3000 m)
Vitichi Potosi (3000 m)
Miculpaya Potosi (3000 m)
Huatina Potosi
Miculpaya Potosi (3000 m)
Majes valley (600 m)

A 34, 38, 70, 76, g7

A 136,139,141,144,146
solg, 23
so 3l
so 33
so 35,39
so 45, 48
so 3-5
TPK I
TPN 1,21,22.
MN, RMS
NR
v2x
PCM, MCC
GR
CBB
so 2r
so 50
so 22, 25
so 36,37
so 15
A l4l

Host

2
2
I
I

Total =72

Tiatoma infestarc
Triatoma infestans
Tñatoma infestaru
Tdatoma infestans
Triatoma infestans
Triatoma infestans
Tñatoma infestans
Tñatoma spinolai
Triatoma infestans
Tñatoma infestarc
Tñatoma infestarc
Man (chronic case)
Triatoma spinolai
Triatoma spinolai
Man (chronic case)
Triatoma infestarc
Triatoma infestans
Triatoma infestans
Tñatoma infestans
Triatoma infestans
Tñatoma infestarc
Triatoma infestans
Triatoma infestarc
Triatoma infestans
Triatoma infestaru
Triatoma infestarc
Tiatoma infestarc
Tñatoma infestaru
Triatoma infestarc
Man (chronic case)
Man (chronic case)
Triatoma infestans
Man (chronic case)
Man (chronic case)
Man (chronic case)
Triatoma infestans
Triatoma infestans
Tñatoma infestans
Tiatoma htfestans
Tnatoma dnfestcru
Triatoma infestans

'Fifteen different genotyes were idenlified; clone numbers (cl.) indicate genotypes dcscribed by TraavnrNc & AvALA (1988), NP
indicates nrovisional numbers (see frmtnote to Table 2). For discussion of relationship with z.ymodemes defined by Reeov &

Genotype

cL.20
cl.20
cI.20
cl.20
cI.20
ct.20
cl. l9
cl. l9
NP3
NP3
NP3
NP4
NP5
NP6
NP7
cl.2

NP9
NPIO
NPI I
NPI I
NPI l
cI.39
cl.39
cI.39
cI.39.
cI.39
cI.39
cI.39
cI.39
cI.39
cI.39
cI.39
NPI3
NP13
cl.33
NPI5
NPI5

NP3+NP15
cI.39+NP3
cI.39+NP15
NPI I +cl.39
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Table 2. Genotypes of Trypanosoma cntzi clones identiñed in Bolivia, Chile and Peru"

cl. 20 515

cl. 19 515
NP3 5t5
NP4 5t5
NP5 6t6
NP6 616

NP7 616

cl. 2 616

NP9 616

NPro 616

NPl l 616

cl. 39 414

NP13 414

cl. 33 212

NP15 2t2

G6pd Gpi

5t5
5t5
5t5
5t5
5t5
5t5
5t5
5t5
5t5
5t5
5t5
214
214
313
3t3

Gdt

313
313
313
313
313
3t3
313
313
3t3
313
3t3
1/1
1/r
212
212

Gd2

¡E^- -ñ^tr t^^,,. oilpra I ¡artes fnr rhe fesresr electromoroh. The malate dehydrogenase enzyme system is not listed
determined
refers to TI
Provisional
rization to

ster than the fastest position previously recorded (=l).

2t2
212

2t2
212

212

212

212

212
212

212

2t2
r/1
l/l
5t5
5t5

rdh
Genotypeso

M;-i Me-2 PeP-l PeP-2 Psm

1/1
r/1
I/I
1/1
1/1
1/l
t/1
1/1
1/1
r/r
1/1
212

2t2
212

2t2

2t2
212

2t2
212

2t2
212

212

212

212

2t2
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1/1
l/1
212

'212

o yP

0

9

NP3

2

4t4
4t4
4t4
4t4
414
4t4
414
414
414
414
414
5t5
6t6
6t6
5t5

Nt{

t,r

NP5

002

N¡J

N.Pó

I

il

NP7

NP4

{0

009

1/l
t/l
3t3'
v4
1/I
1/r

.l/1.
3t3
1/t
4t4
1/1
5ts
5t5
414
5t5

0

002

NPJ

1

Fig. t. Matrix of patristic or evolutionary distances (above the

d.iagonal: see Fig. 3) and Nei's standard genetic distances (bclow the

diaÉonal) bcrwá the l5 genotypes identified by 12 isoeruryme loci in

Tryparusona ottsi stocks isolated from Bolivia, Chile and Peru. Clone

nú-U..irrg (cl.) refers to Ttn,rvnExc & Av,tL.t (1988); the other

genorypcs (NP) are newly recorded (see Table 2)'

Fig. I. ol., 1986),

some very high
values lues as low
as 0'02.

Three clusters can be discerned (Figs 2, 3). (i) A
cluster including l0 different multilocus ge_not-yp-es

(clones) which sñare 14 all-e-les out of 24 possible allelic
po s i d o í s' w i t h a' I e] rfr 

,lilT','ff T,3ü:T .il;. :'fl l;:
ly clones 2, 19 and 20
Stocks pertaining to

om all three countries
studied. The Peruvian stocks were all included in this
cluster, except one stock which exhibited a weak
pattern for glucose phosPlla-te. isomeraqe, -s.Uggesting a

ini*ture wirh clone 39, which is radically different (see
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Fig. 2. De distance matrix of NEr

(tiZZ) for c,tzi, using üe xmscn
program ( was fuied bY (=0) in
order to obtain a treatment similar to IIPGMA.
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communication between the two countries is not
sufficient to allow complete mixing of the clone
populations between them. In Peru, üe low genetic
variability existing among the clones (murimum
genetic distance:0'30), ar d the presence of a pre-
dominant clone (defined by genotype NPl l) circulat-
ing in the. three Peruvia¡ valleys- s.tuüed,suggest the
occurrencd of founder effects iñ this.area (seébelow).

The rate of mixed stocks recorded is similar to
those in previous results'-about L0o/o (BneN¡Enr ¿l
al.,1985a; TtnAyRENC et al., 1985). Due to technical
limitations, this is probably an underestimation of the
real rate. This is particularly true for the present
sample, where Chilean stocks were maintained in
culture for a long time, which probably led to the
eümination of some clones in mixtures.

Three clusters of clones were identified. This
clustering pattern, and the relative configuration of
the clones, seem to be 'robust', since üey remained
unchanged when stuüed by the üfferent methods
used, namely the hierarchized agglomeration techni-

, r q!er. the MIx program (with several runs) based on the
parsimony. principle, and the c¡.lQUE program based
on the compatibility principle: this program rejects
incompatible characters (9 out of 38 in üe present
case) implicating reversion, convergence or an error of
interpretation. ,

The first cluster is rather heterogeneous, arid
exhibits a complex topology. §Tithin this cluster,
Peruvian clones (see Table l) cannot be equated with
a'inonophyletic gtoup which could be di§tinguished
from the other clones'belonging to this first cluster.
Although founder effects can be inferred to explain
the present genetical variability of I. cntzi in Peru, it
is' probable that the Peruvian stocks do not derive
from a unique corlmon ancestor which had differenti-
ated locally: the divergence among NPt 1/NP10, NP9
and clone 2 seems to have occurred before üeir
introduction in Peru. To date we have no indication
about the possible geographical origin of üese T. cnni
populations from Peru. A larger sample of stocks
isolated from Triatoma spinolai and human hosts in
Chile is needed to understand better the overlap
between wild and domestic cycles in this country.

Stock characterization based upon the use of a
sufficient range of loci, and on the working hypothesis
of clonality, provides an efficient means of studying
spatial and temporal distribution of T. cntzi popula-
tions. Moreover, cladistic analysis makes it possible to
establish firmly the phylogenetic relationships among
the clones, and to infer working hypotheses concern-
ing their patterns of geographical divergence. Work is
in hand to complete the present study by increasing
the number of stocks and of isoenzyme loci studied,
and by comparing the results with those obtained
using other genetic markers, such as kinetoplast
deoxyribonucleic acid fragment polymorphism (Vres
et dl., 1990).
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Fig. 3. Phylogenetic network showing the evolutionary relationships
between tbe Trypanosoma cntzi clones using the m¡x program; cLIeuE
program yielded a quite similar pattern (see text). The matrix was

built from the presence/absence criterion for 38 alleles: The cl. and
NP numbers refer to the genotypes identified in this study (see Table
2). The arrows represent the different evolutionary steps between the
clones, either by gain or loss of an allele.

surveyed here (minimum genetic üstance 0'87; max-
imum genetic distance l'79). Zymodeme I appears to
be related to the stocks from the first cluster (see
above) only, although the minimum genetic distance
(between clone 2 and zymodeme I) was not negligible
(0.29). . '

Discussion
Several stocks of T. cnni from Bolivia, Chite and

Peru presented new electrophoretic patterns which
differed at one to three loci from clones previously
described by TISRvnENC & Avaln (1988). These
results are consistent with the clonal structure of T.
cruzi populations proposed by TlgaynENC et al.
(1986): when stock sampling increases and genetic
labelling improves, the number of clones identified is
expected to become higher. Nevertheless, the main
results indicating clonal structure are fully confirmed
by the present study, that is to say fixed heterozyg-
osity of some genotypes (see- clone 39) and strong
linkage disequilibrium; if the alleles recorded here
combined randomly, the total number of possible
genotypes would be considerable, so that frequent
isolation of the same multilocus genotype, as in this
work, would be extremely improbable.

Some clones were identified on both sides of the
Andes, in Chile and Bolivia (clones 19 and 39), which
suggests the existence of communication between the
two countries for the invertebrate and/or vertebrate
hosts of T. cntzi: this could be explained by the
important commercial contacts between the two
countries. Nevertheless, although stock sampling is
still limited, some clones appear to be specific for each
of the two countries (see Table I). This suggests that
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