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The blotoglical diversity of Trypanosoma cruzi has been

explored with biochemical markers, such as isozymes (1) or
kinetoplast DNA fragments (2). These studlies, based on a phenetic
Interpretation of the variability observed, have led to
descriptive concepts, such as zymodemes (a set of isclates that
share the same isozyme profile) or schizodemes (a set of isolates
that exhibit the same kDNA fragment pattern). On the other hand, a
distinction has been introduced between principal and lesser
zymodemes (3), the former ones exhibiting radical differences, the

last ones being separated from each other by minor differences

only.

We have analysed the isozyme variability (15 genetical loci)

of the complex Trypanosoma cruzi and have interpretated our
results in terms of populatlion and evolutionary genetics, and of
phylogenetic systematics. Our sample involves more than 500 stocks
isolated from the whole ecogeographical range of the parasite, and
from various hosts. In natural cycles of the parasite, a typical

CLONAL STRUCTURE (4,5,6) has been evidenced, based on classical



Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Suppl. I Vol. 83, November, 1988/Page 250
sources of evidence in such studies, whatever be the organiam
conslidered (parthenogenetic animals or ptants, bacteria, etc):
fixed heterozygosity, alterne alleles In close sympatry (same
host: Human patlient, triatomine bug) with lack of the
corresponding heterozygous recombinant, high statistical
departures from Hardy-Weinberg expectations, strong linkage
disequilibrium. All gtatistical results are constantly highly

signiflicant and corroborate the clona! structure.

It Is worth comparing our results with the "clone concept®
developed in bacteriology. Some bacterial cultures isolated from
different sources, in different places, and at different times are
go simllar to each other that they must have derived essentially
from a common ancestor by virtually complete asexual reproduction
(7). Ochman and Selander (B) have evidenced such a basically
clonal structure, with little or no chromosomal recombination, in
natural! populations of Escherichia coll, on the basis of isozyme
analyses analogous to ours-- even though some recombination
(parasexuality) can be experimentally induced in this bacterium.
In the same way, even If genetic recombination could be
experimentally obtained in T. cruzi, the clonal structure of its

naturai populations is apparent.

According to the clone concept, any two lines of genetlcal

markers should yield similar inferred genetic relationships among
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a glven group of natural Jsolates. This has been verified In the
case of E. col] between biotyping and isozyme analysis (9).
Similarly, we have recently carried out a quantitative analysis of
kDNA fragment patterns in a set of T. gruzj stocks previously
characterized with 15 isozyme locl (10). The isozyme and
kinetoplast DNA varlabilities are highly correlated, which (a)
favors the hypothesis of clonal structure in T. cruzl; (b) shows
that the two sets of genetical markers (isozymes based on a
sufficlent range of loc! and quantitative analysis of kDNA
fragments) corroborate each other and provide valuable

phylogenetic tools,

A third line of genetical markers (quantitative analysis of
surface-polypeptide and -antigen varlablility: Brenliére &
Tibayrenc, in preparation) has also revealed significant
correlation with isozyme variability, which corroborates the

clonal structure in T. cruzj.

These results show that T. gruzi zymodemes and schizodemes are
NATURAL CLONES (or families of closely related clones) of the
parasite, as they can be individualized using the corresponding
biochemical markers. Using a broader range of markers should
result in distinguishing a higher number of clones for a given
stock sample, which makes unwise to settle any numbering or

labelling of the natural clones that would be definitive.
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This clonal mode) may have obvious medical impllcations: the
natural clones of the parasite represent discrete genetic entitles
or "agamospecies", which biological characteristics (Including
medically important ones) cannot be exchanged from one clone to
another. These natural clones are genetically highly diversified
and exhibit a continuum of genetic distances, which makes
arbitrary thelr clustering iInto a few, well-defined principal

groupings, or "principal zymodemes".

The distribution of the natural clones reveals a striking
feature: also 43 different isozyme genotypes were identified, most
of them appear as exceptional, slnce they were sampled only one
time, or a few times. On the contrary, a limited number of them,
which we call MAJOR CLONES, were repeatedly sampled in
geographically distant places and various hosts. For ingstance, one
of them was observed in Chile, Brazil, Venezuela, Colombia and
Bolivia, In gselvatic as well as in domestic cycles. Out of 43
isozyme genotypes, we have identifled four ones which couid
represent such ublquitous major clones. They represent more than
00% of a set of 121 stocks (5) collected over the whole
ecogeographical range of the parasite. The major clones could
represent "general purpose genotypes* (6), and their
epidemiological and medical significance might be considerable. It

is worth noting that the major clones already recorded by us do
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not correspond to the principal zymodemes previously described In

T. cruzl (3.

Work is In hand to complete the picture of genetical diversity

of T. ¢ruzi, and to explore the blologlcal and medical importance

of the already recorded major clones.

It Is pogslble that the clonal mode! proposed here for

Irypanosoma cruzj could be fruitfully extended to African

trypanosomes: indeed although genetical recombination has been
experimentally obtained in Trypanosoma brucej ({1), statistical
analyses simllar to ours, carried out on natural populations of
this parasite, have recently evidenced marked ]inkage
disequilibria in trypanosomes isolated from tsetse flies ag well
ag from Human patients (i12). This result strongly suggests a

clonai structure of the T. brucej natural populations involved in

this analysis.
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