Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 95(4): 545-551, Jul./Aug. 2000 545

Analysis of Genetic Diversity of Trypanosoma cruzi: an
Application of Riboprinting and Gradient Gel
Electrophoresis Methods
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School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT, UK

Analysis of restriction fragment length polymorphism (RFLP) profiles derived from digestion of
polymerase chain reaction (PCR) products of the ribosomal 18STirgpanosoma cruzjields a typi-
cal ‘riboprint’ profile that can vary intraspecifically. A selection of 21 stocksTofcruziand three
outgroup taxa:T. rangeli, T. conorhinand Leishmania braziliensigiere analysed by riboprinting to
assess divergence within and between taxaangeli, T. conorhinandL. braziliensiscould be easily
differentiated from each other and from cruzi. Phenetic analysis of PCR-RFLP profiles indicated
that, with one or two exceptions, stocks of T. cruzi could be broadly partitioned into two groups that
formally corresponded t®. cruzil andT. cruzill respectively. To test if ribosomal 18S sequences were
homogeneous within each taxon, gradient gel electrophoresis methods were employed utilising either
chemical or temperature gradients. Upon interpretation of the melting profiles of riboprints and a sec-
tion of the 18S independently amplified by PCR, there would appear to be at least two divergent 18S
types present withifi. cruzi Heterogeneity within copies of the ribosomal 18S within a single genome
has therefore been demonstrated and interestingly, this dimorphic arrangement was also present in the
outgroup taxa. Presumably the ancestral duplicative event that led to the divergent 18S types precedec
that of speciation within this group. These divergent 18S paralogues may have, or had, different func-
tional pressures or rates of molecular evolution. Whether or not these divergent types are equally tran-
scriptionally active throughout the life cycle, remain to be assessed.
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At the molecular DNA level, the ability to tionary relationships or, at the very least, groups
characterise stocks, strains and clones aff organisms on the basis of similarity i.e. their
kinetoplastid protozoa is fundamental to underphenetic patterns (Li 1997). Over the last 10 years,
standing the epidemiology of their respective disBDNA typing of kinetoplastid parasites has under-
eases (Tibayrenc 1998a) and thafnpfpanosoma gone impressive developments, primarily accruable
cruzi and Chagas disease presents no exceptitmdevelopment and implementation of polymerase
(Macedo & Pena 1998). For most simplistically chain reaction (PCR) based assays. So much so that
molecular markers discriminate and define clonea new synthetic field of research has been defined
or strains of the pathogen, providing taxonomi@and generically known dmtegrated genetic epi-
characters, upon which further DNA assays cademiology of infectious diseasgJibayrenc
be developed e.g. sensitive tools for diagnostici998b).

By the shared presence of taxonomic characters, As researchers attempt to find natural ‘demes’
molecular data have the potential to infer evoluer divisions, the taxonomy within and between the
isolates that are collectively known &scruziis
attracting considerable attention. Substantial het-
erogeneity is known to exist but there has been a
general reluctance to name formal taxa (Momen
}999). The partial realisation of the divisions, how-
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exhibit hybrid-like characters, or await furtherparalogous (Stothard et al. 1997); as long as the
characterisation, or are from principal zymodemenzyme cutting sites do not fall within these
3 (Z3) (Miles et al. 1981) are collectively referredparalogous regions, the associated problems of
to asT. cruzi[without the group designation suffix paralogy/orthology disappear (Stothard in press).
(Anon 1999)]. Z2 isolates were originally de-In contrast, if the restriction sites were in the
scribed from central and eastern Brazil, in domegparalogous regions, the riboprint profile could be
tic transmission cycles, whereas Z1 isolates weigterpreted as an incomplete digestion (Fig. 1).
predominantly sylvatic when found sympatric with  The process of generating PCR-RFLP (restric-
Z2 but in the north of the Amazonian basin were¢ion fragment length polymorphism) profiles from
in both domestic and sylvatic cycles. Z3 isolatethe 18S is also known as riboprinting (Clark 1992).
were rarely isolated from humans and are almostiboprinting allows detection of cryptic genetic
exclusively associated with burrowing animalsyariation within species, organism misiden-
such as the armadillo. In conjunction with the probtifications and culture mix-ups, independent veri-
lematic strain taxonomy, the reproductive biolog¥ication of DNA sequences, and the rapid genera-
of T. cruziis also complex. Clonal propagation oftion of data useful in phylogenetic analyses (Clark
T. cruziis thought to predominate (Tibayrencet al. 1995). Pioneering studies using this method-
1998a) though there is evidence of sexuality idlogy revealed variation between species of
sylvatic transmission cycles (Bogliolo et al. 1996gntomoebgClark & Diamond 1991) and was later
Carrasco et al. 1996) and evidence of genetic e¥pplied upon sylvatic strains f cruzifrom North
change has been found in the laboratory (Stothagerica, coining the nomenclature of ‘ribodemes’
etal. 1999). _ to group isolates df. cruziwith the same riboprint
This paper assesses the impact that moleculgtjark & Pung 1994). Stothard et al. (1998a) ex-
characterisation of the 18S gene has had upon str@ignded the number of isolates examined by
typing of T. cruzi The paper draws upon recentinoprinting to 21, with better coverage of Z3.
work and focuses upon methods of gradient g&ihrough the inclusion of outgroup takarangeli,
electrophoresis, which are also known as mutatiof ¢onorhiniandLeishmania braziliensin assess-

analysis. ment was made of the evolutionary divergence
RIBOPRINTING within T. cruziand to explore the ability of
Analysis of sequence variation within the ribo/IPOPrinting to be used as a diagnostic assay. For
somal 18S has proven useful for phylogenetic pufX@mple,T. rangeliis transmitted by the same
poses within the Trypanosomatidae (Noyes 199&/iatomine vectors aB. cruziand m'lxed infections
Briones et al. 1999, Stevens & Gibson 1999, WrigHay occur in both vertebrate and invertebrate hosts,
et al. 1999), though the use of this region for pmnowever, onlyT. cruziinfections are pathogenic

logenetic inference has not been without debaff man (Hoare 1972). The 18S was amplified, us-
(Stothard in press). M. cruzi,there are approxi- iNg the primers SSU1-5" GATCTGGTTGATT

mately 110 copies of the 18S per nucleus, the TGAA and SSU2-5'GATCCAGCTGCAGGTT

organisation of which is slightly unusual in com-CA, to produce a fragment of approximately 2000
parison to other protozoa (Pulido et al. 1996). ORP. A selection of 10 restriction enzymes was used
a less finer scale than DNA sequencing, variatiol® sequentially digest the 18S and RFLP patterns
within the 18S can be detected by restriction ertwere revealed by PAGE and silver staining
zymes since many enzymes, especially those wiffptothard et al. 1998a). Both interspecific and in-
four base pair recognition sites eMyl, have sev- traspecific variation were revealed. For example,
eral cutting sites within the 18S. By using a batdigestion withCfol differentiatedT. cruzifrom the
tery of such frequently cutting enzymes, the 188ther speciesT. rangeli, T. conorhiniand L.

can be easily ‘typed’ and quickly scanned for varibraziliensis(Stothard et al. 1998a). To dag&fpl

able nucleotides without the need for DNA seriboprint profiles withinT. cruziwere invariant and
guencing. Moreover, through the use of polymerasgould suggest that this profile is ‘stable’ for all
chain reaction (PCR), the amplification producteruziisolates, though examination of further iso-
can be directly digested and separated by convelates is warranted. In contrast, digestion with
tional agarose or polyacrylamide electrophoresigladll detected variation withifl. cruzithat dif-

to produce a ‘fingerprint-like’ profile that can beferentiated Z1 from Z2/Z3 on the presence and
easily, cheaply achieved within a single workingabsence of a fragment of approximately 840 bp
day. Indeed as riboprinting is less sensitive tharespectively. As such, the 18S shows promise as a
DNA sequencing, this might even be an advantajood target for diagnostic PCR methods as para-

geous way to analyse variation within the 18S. Fajite detection could be simultaneous with stock
example, as the 18S has been shown to hgping (Stothard et al. 1998a).



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 95(4), Jul./Aug. 2000 547

After pooling the riboprint profiles generateddivision within T. cruziwas detected, with parti-
from the 21 stocks of. cruzj an estimate of tions broadly corresponding to ZI.(cruzil) and
pairwise phenetic distance between stock§.of Z2 (T. cruzill). The position of certain isolates,
cruzi was calculated (Stothard et al. 1998a). Thieowever, was less clear-cut. For example, for Z3
data matrix was analysed by principal coordinatesolates, whilst CANIl and CANIII were placed
analysis and relationships between isolates wenearer to Z2 isolates than Z1, both BugCN33 and
plotted for the first three factors that summarise@ugCN35 remained almost equidistant between Z1
85% of the total variance. Interestingly a bi-polaand Z2. The affiliations of these two isolates within
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Fig. 1: schematic representation of the problem of gene paralogy within a hypothetical gene family using restriction fragment
length polymorphism (RFLP) studies. Two taxa, taxon 1 and taxon 2, are presented. The tandemly repeated genes within the
gene family of taxon 1 are homogeneous (uniformly grey) such that the RFLP pattevtspifand Cfol are the same for the
repetitive copies. In taxon 2, however, the gene array is not homogeneous. The white region (of approximately 200 bp) is
divergent between the repetitive copies. Whilst@ifa profile is constant between the copies, as there are no restriction sites
within this divergent region, th#spl profile is variable. The white region has losMsp cutting site and in addition, is
considerable different to the comparable region of the DNA sequence of grejIsphRFLP profile of taxon 2 might be
interpreted as an incomplete digestion but in reality is direct evidence for gene paralogy. RFLP data generated frotesutting si
outside the white region would be free from evolutionary paralogy but those within are not. Minor bands in riboprints might be
good evidence for such paralogous variation [e.g. see Fig. 1 A of Clark & Pung (1994)].
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this bi-polar grouping remained ambiguous ande. urea and formamide. This gradient is formed
perhaps if there was better taxonomic sampling afpon casting the polyacrylamide gel and after gel
such isolates they may even form a new, coherepblymerization the gradient remains stable during
group. Similarly the relationship of CL Brener issubsequent electrophoresis. DGGE was used to
somewhat speculative as it remained singularlgnalyze a portion of the 18S amplified from a small
placed (Stothard et al. 1998a). selection of stocks df. cruzi(Stothard et al. 1997).
GRADIENT GEL ELECTROPHORESIS PCR primers flanking the V1 and V2 domains of

) ] the 18S were used and the 5’ forward primer was
A variety of advanced electrophoretic methodgsc-clamped to enhance the sensitivity of the tech-

can be used to screen DNA sequences that are glyue (Sheffield et al. 1992). Primer sequences in
tained by conventional PCR, for sequence changgse 5' to 3 orientation were as follows: SSUCLP-
by direct physical separation (Cotton 1997). Thes€ GCCCGCCGCCCCGCGCCCGGCCCGCC
methods for mutation detection are also collectively,cccccGCCCGGCAGGAATCTGCGCATGGCT

known as mutational analysis and include, amongghq SSUREV-GTCAACGCCATGGCAGTCCAC.
others, single strand conformational polymorphism

(SSCP) analysis and gradient gel electrophoresis
(GGE). Collectively these methods share the abiA].

ity to separate DNA fragments of identical size bu singhe gol we
of differing sequence that would otherwise co-mi: arigin origin
grate during conventional electrophoretic separ: & Meticd

tion. These methods, whilst widely applied in bio-
medical research, are beginning to be adopte
within parasite strain typing (Stothard et al. 1997
Gasser & Zhu 1999).

Typically, a double stranded DNA fragment has i
a characteristic melting profile upon the disassc anode B
ciation of this homoduplex into its respective single et LA
stranded chains (Cotton 1997). This melting prc S TV
file is reversible, giving rise to a sigmoid transi- HIGH LY
tion curve (Fig. 2A). Double stranded DNA mo- femponal famparnal
bility is greater than that of single stranded or pai J
tially melted DNA. This profile is also sequence
dependent, such that differing DNA sequence B)
have different melting profiles despite being iden
tical in length (Fig2B). Gradient gels can utilize E
either a chemical (DGGE) or temperature (TGGE |
method. Gels can also be perpendicular (the grac &
ent is at right angles to the direction of electro
phoresis; Fig. 2A, B) or parallel (the gradient is ir
the same direction of electrophoresis; Fig. 2C). Th
precise gradient is usually determined empiricall
but computer programs, such as MELT 87 (Lerma |
& Silverstein 1987), can predict the behaviour 0 4 10

a specified sequence and an optimal gradient (CcE- e . . .
1997) Gradient gel electrophoresis can deteg;'f' 2: basic theory ofgradlentgel electrophoregls. A: achem[-
t‘?” /- . g p | or temperature gradient is formed perpendicular to the di-
single point mutations between test and referengextion of electrophoresis. A DNA fragment is loaded across
DNA. It is also a good method to separate comnthe single well and migrates towards the anode. Where the
plex mixtures of DNA that would otherwise co-HaCat S EoiCer e ey DNA. As the gradient
migrate du_nng conventional elec.tmphores.ls' A%:creases the fragment progressively melts and is electro-
such, gradlent QE| 'methOdS are ideally suited tohoretically retarded. The melting curve (sigmoidal in this in-
study the variation in gene families such as the rstance) is dependent upon the sequence composition; B: two

bosomal RNA complex (Schlétterer 1995). DNA fragments of identical size, but differing sequence, will
have different melting profiles. This electrophoretic mobility
DENATURING GRADIENT GEL ELECTROPHORESIS shift allows separation of the two types; C: to facilitate further
(DGGE) comparison (i.e. lane to lane), parallel gels (gradient in the
same direction of electrophoresis) are used. The two fragments

DGGE has the ability to separate DNA frag'iIIustrated would co-migrate under standard PAGE or agarose

ments of identical §ize bUt differing S?quence_iderlé'lectrophoresis, however, gradient gels permit direct separa-
tity through the utilization of a chemical gradient tion.
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Upon non-denaturing PAGE, a single 450bp amment, labeled B, was shown to hybridize therefore

plification product was seen and no size variatiothe paralogous regions of the 18S were presum-

was apparent between taxa (Stothard et al. 199@bly confined only to the V1, V2 regions. Interest-

Through the use of perpendicular gels, a chemicaigly, this gene dimorphism is presentTin

gradient from 10% to 25% was shown to denatureangeli, T. conorhiniand Leishmaniaspp. For

the fragment. The sigmoidal transition profile isLeishmania however, there would appear addi-

illustrative of a single melting domain within thetional regions of paralogy within the 18S [see frag-

amplified fragment; in this particular instance thement labeled * Fig. 2 (Stothard et al. 1998b)]. This

PCR product was derived from a bacterial plasmittagment clearly contains three divergent types.

carrying the 18S frort. cruzi(Fig. 3A). What is more, in consideration with linkage to the
PCR products were then directly obtained frondimorphic V1, V2 regions, there could be up to six

PCR amplification fromT. cruzigenomic DNA

preparations. Parallel gels that covered the same

chemical gradient range (Fig. 3B) then separate

these products. Variation was immediately detec A)

able between the homoduplex molecules of Z1/Z  a

and Z2. As two bands were apparent in each lan

there would appear to be at least two divergent 1¢

sequence types present within each stock exail

ined. SSCP analysis could also detect variatio

between Z1/Z3 and Z2. By using heteroduple:

analysis (Stothard et al. 1997), a finer level of resc

lution was achieved by finding variation betweer

Z1 and Z3. In addition, as extra-bands were vist

alized upon heteroduplex analysis of Z1 and Z: ~— ifr:r;l;ed

the presence of at least two 18S divergent type

within each stock was further confirmed. More im-

portantlyeachof these two types differed between

stocks (Fig. 3B). - &

TEMPERATURE GRADIENT GEL ELECTROPHORE- -

SIS (TGGE)

To further screen the whole 18S gene for add
tional regions of paralogy, riboprint profiles were
subjected to TGGE analysis. Riboprint profiles ,

denatured - -—

obtained from seven enzymeldaelll, Alul,
SawBA, ScriFl, Mspl, Ddd and Cfol, were sepa-
rated by TGGE covering a thermal gradient fron
45°C to 6%C. Riboprint profiles fronCfol and
Ddd exhibited split melting curve profiles char-
acteristic of regions of paralogy. Unfortunately, a:
the fragment shown to be paralogousDaoid di-
gestion was n,Ot .cons'erved'acrﬁssrumas thgre Fig. 3: denaturating gradient gel electrophoresis analysis of
was RFLP variatiorthis profile was not examined ribosomal polymerase chain reaction (PCR) products Tiym
further (Stothard et al. 1998b). The riboprint propanosoma cruzishows that two 18S types are present; A:
file for Cfol was invariant withinl. cruziand was Perpendicular analysis of the melting profile of an amplifica-

: . ;< lion product derived from a cloned 18S in a bacterial plasmid.
therefore further characterized. In total, five ISOIncreasing chemical gradient occurs from right to left across

lates ofT. cru;igovering t_he principa] .Zym.Odemesthe gel. A single melting domain is inferred as the profile is
andT. conorhinj T. rangeliandL. braziliensisvere  sigmoidal in shape; B: parallel gradient gel analysis of PCR
shown to exhibit a profile indicative of paralogyproducts fronT. cruzigenomic preparations. Lane 1 a Z2 stock,

; ; ; lane 2 a Z1 stock. There is a clear mobilty difference between

g-sgegeSLragment B in Fig. 1, Fig. 2 (Stothard et aIt“ne two stocks and at least two, possibly three 18S types (lane
- . . 1) are present; C: heteroduplex analysis of PCR products.

To ascertain the region of the 18S that waSeterduplexes are formed by mixing PCR products, denatur-
shown to be paralogous, TGGE profiles weréng then subsequently allowed to cool (Stothard et al. 1997).

electroblotted onto nylon membranes and followebane 1 a Z1/Z1 stock combination, lane 2 a Z2/Z1 stock com-
by hybridization with the 18S V1. V2 regions Chau,_bination. The profiles are identical to that of Fig. B with the

. . exception that heteroduplex molecules (retarded to the
acterized by DGGE analysis (see above). The frag(—)mo%umex molecules) ar% now seen. ¢
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divergent types present within the genomd._of infections. It would be interesting to explore the
braziliensis.If we assume thdteishmaniawas potential of these assays in a more clinical setting.
ancestral to othe_r trypanosomes, it would appear ACKNOWLEDGEMENTS
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