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The Trypanosoma cruz/Genome Initiative 
T h e  T r y p a n o s o m a  c r u z i  

An initiative was launched in 1994 by the Special Pro- 
gramme for Research and Training in Tropical Diseases 
(TDR) of the W H O  to analyse the genomes of the parasites 
Filaria, Schistosoma, [ e i sh~ania ,  Trypanosoma brucei 
and Trypanosoma  cruzi. Fiw' neiworks were esfablished 
through wide publicity, holding meetings of key labora- 
tories and developing propo~#~ which were then reviewed 
by t~e Steering Committee of Strategic Research for finan- 
cial support. The aim of the Programme was to use t!te plat- 
form of these networks to: (1) train scierdsts from tropical 
disease-endemic countries; (2) transfer technology attd 
share material aud expertise, thereby reducing costs and 
increasing efficiency; and (3) provide an information sys- 
tem that is accessible globally as soon as the results become 
available. The initial target was to produce a low-resoh#ion 
genuine map for each of the parasites, but it soon became 
evident that by using rapidly developing technologies, it 
might be feasible to complete DNA-sequence analysis for 
some of  the parasites ht the next decade, as discussed here 
by Alberto Carlos Frasch attd colleagues, with particular 
focus on the T. cruzi genuine initiative. 

In the short  period of t ime since the T D R / W H O  Para- 
site Genome  Irdtiative w a s  set in motion,  the progress  
(both in terms of scientific achievement and collab- 
orative activity, particularly participation of labora- 
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Hoheisel. AndrOs M Ruiz, Juan Jos~ Cazzulo, Ulf Pettersson and 
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tortes f rom endemic countries) mus t  be considered as 
highly successful. All ne tworks  fulfilled an  impor tant  
task in construct ing parasi te stage-specific cDNA and 
large f ragment  genome libraries. Thousands  of ESTs 
(expressed sequence tags) and ch romosome  markers  
have been obtained, and the process  of ch romosome  
m a p p i n g  initiated. Significant expansion of these 
activities is expected dur ing  the next two years, in the 
hope  that, wi th  the introduction of high-precision 
robotics, the genome of the representat ive parasites 
will be sequenced wi th in  the next five years. This pro-  
gress will be  detailed be low for the Trypanosoma cruzi 
Genuine Initiative. The laboratories and scientists in- 
volved are listed in Box 1. The overall target objec- 
tives of the T D R / W H O  Parasite Genuine Initiative for 
the next ten years  of research, and  the ne twork  co- 
ordinators  are s h o w n  in Box 2. The relevance of the 
T. cruzi Genuine Initiative for the control of Chagas  
disease, and some  of the problems to be solved to 
achieve these goals, are dealt wi th  in Boxes 3 and 4. 

CL Brener as the reference s t ra in  
A striking feafure of T. cruzi is its heterogeneity in 

relation to biological properties.  The parasite has  a 
broad host range, infecting a large variety of mam-  
mals  and several species of insect vectors. Differences 
in g rowth  rates, infectivity, tissue t ropism and suscep- 
tibility to chemotherapeut ic  d rugs  have been reported 
in parasite isolates. In humans ,  a broad spect rum of 
clinical presentat ions in Chagas  disease is observed, 
possibly reflecting the heterogeneity among  T. cruzi 
isolates a n d / o r  genetic differences in the immune  
response  of the hostL 
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The genetic variabili~ of the para- 
site has  been widely documented 
b y  anMyaia o f  eleeirophorefie pat- 

endonue!oar~ di~:egtlon ~rofi|og 
]cinetop!ast DNA: of (kDNA) rainicir- 
cle~. DN.a fin~0rprtnt¢, randomly 
amplified t~olyt~aorphic DNA (P.2X#D) 

aa~lysb a~d mol,:~hr ha~otre~. 
~ver~l pieces of e~idence ~uffg~t 
that the present genetic and biologi- 
cal diversity o f  ~his parasite is the 
l'~gulf of the ind~_l~n&nt evolution 
o~ multiple c~onal lines that propa- 
gate with little or no genetic 
exchange 2. 

As a consequence of the above 
considerations, the participants of 
the T. cnlzi network present in the 
Trypanosomatid Genome Planning 
Meetin~ held in Rio de Janeiro in 
April 1994, decided to select one ref- 
erence clone (CL Brener) to be used 
by all members. This clone derive.~; 
from the CL strain that presents all 
the important characteristics of T. 
cruzi. It was isolated from Trialoma 
infestans, a strictly domiciliary vector. 
It differentiates in liquid medium, 
infects cell monolayers, shows preler- 
ential parasitism of heart and muscle 
cells, presents defined parasitaemia 
curves and mortality in mice, shows 
a clear acute phase in acddentatly 
infected humans,  and is highly sus- 
ceptible to drugs used clinically to 
treat Chagas disease. Clone CL 
Brener was recently isolated by Prof. 
Z. Brener and M.E.S. Pereira (Insti- 
tute de Pesquisas Rend Rachou, 
Fiocruz, Belo Horizonte) from blood 
of chronL'-phase mice infected with 
the CL parental strain. A Reference 
Laboratory (B. Zingales, e-mail: 
bszodnas @quim.iq.usp.br), at the 
University of Sao Paulo, Brazil, was 
chosen for maintenance, storage and 
distribution of clone CL Brener to 
members of the T. cruzi Genome 
Project. At present, this organism has 
been sent to laboratories in Argentina, 
Brazil, Chile, France, Mexico, 
Paraguay, Spain, Uruguay, UK, USA 
and Venezuela. The tasks attributed 
to the Reference Laboratory include 
defining the biological characteristics 
of CL Brener clone: differentiation 
conditions; infectivity in mice and in 
mammalian cells grown in vitro, and 

Box 1. Participating Laboratories of the 
Trypanosoma crugi Ge, nomt  Con~oltium • 

Centre de Biologla Molecular. Urtivereldad Autdnoma de Madrid, Madrid, 

gondatlon lean Daumk -- C~PH /CohEre d'glruclo de pollmo~hi,lne l-lumal 
i . . . . . . . . . . . . . . . . . .  I g  -~" 7 ..... ? ,.o , , ' i , ,~ l  

Pads, France: Da,tlel Co;ten. De,tls h" Pasller. Marclal Saumler. Virglnh Perrot. 
Unit~. ~Io /',ar.a~ll010gi0 l~-l~0rimontJlc, lmlilut fa~tcur, rari~. ~.r~nc0: Miraiil+.~ 

[-Iotl~ebe~+ rlellOgkOtt~ic~-, paola Minoprio_ 
~gc0ia Vauligta do P+1odieina. U~I~SF. ~0 Faul0, Brazil: logo Fra,ca #a 

~ih,¢irat Marie laab¢l Go,to! Marcia R. gantc, s. 
Departamento de Bioqulnaica e Biologia Molecular, Inr&ituto O~,aldo Cruz. 

FI0CRUZ, Rio de laneir0, Brazil: Yiim DeBt ave, Adcilian Bran#an, AnlllUiO de 
Miranda, Antonio Geaffalves 

Cert~o de Pe-~qui~as Rend Rachou. ~IOCRU2. [~elo Hodzonte. Brazil: Maria 
Elizabeth S. Pereira. 

lnsti.et~to de Meciicina Tropical, See Paulo, Brazil: Eufrosina S. U,uv.awa, Kdtia 
A. Ahneida. 

Depariamento de Bioqtiimica e Imunologia, Universidade Federal de Minas 
Gerais, Belo Horizonte Riva P. Oliveira, Andrea Macedo. 

Institute de lnvestigaciones en Gendtica y Biologia Moleczdar flNGEBI): Buenos 
Aires, Argentina: Marhmo l.evin, Silvia Brandariz, Ind~ Ferrarl, Alejandro Schijman, 
Cecilia Medrano, Martin Va~m'a. Herndn Lorenzi, Claudia Ben-Dov. 

lnstitulo de Parasitologia y giomedicina, Granada~ Spain: A,atonia Gon~lez, 
Arantxa Cortes. 

Institute de Biofisica Carlos Chagas Filho, UFRI, Rio de Jane re, Brazil Edsa 
Romlinelli, Turan Urmemji. 

Universidad Central de Venezuela, Caracas, Venezuela: lose Luis Ramirez. 
Llniversidad Sirn6n Bolivar, Caracas, Venezuela: Rafacl Rat:gel-AIdao. 
Institute de Quimica da Universidade de S~o Paulo, S~o Paulo, Brazil: Bianca 

~-ngales, Arti:ur Graber, Ricardo P. do Souto. 
Institute Nacional de Chagas "Dr Marie Fatala Chaben', Buenos Aires, 

Argentina: Andrds M. Ruiz, lacqueline B~ia Estebau Bontempi, Betina Porcel, 
Carlos Pnwia, Gabrie!a Garcia. 

Institute de Investigaciones Bioquimicas q tffs F. Lcloir'. Fundaci6n 
CamF,,,,,a~ / CONICET/Facultad de Cie~cias Exactas y Naturales, 
Universidad de Buenos Aires, Buenos Air~, Argentina: Alberto Carlos 
Frasch, Juan Josd Cazzulo, Om:iel Sdnchez, Gui!Icrmo Uemura. Marcelo Gueriu. 

Institute de Investigaciones giotecnol6gicas, Universidad Naciona! de 
General San Martin, Villa Ballester, Argentina: Alberto Carlos Frasch, Rodolfo 
.4. Ugahh,. 

Department of Medical Parasitoll~gy, London School of Hygiene and Tropical 
Medicine. Keppel Street, London, UK WC1E 7HT: ]ohn M. Kelly, Angeles 
Mondrago. t. 

Department of Microbiology and Immunology, Universily of Memphis, 
Memphis, TN 38163, USA: John Swindle. 

Molecular-Genetic Genorne Analysis, Deutsches Krebsfo~chungszentrum 
(DKFZ), Hekldberg, Get many: ldrg D. Hoheisel, lens Hanke. 

Department of Medical GeneSes, Biomedical Center, University of Uppsala, 
Uppsala, Sweden: UIf Petterssou, Lena .~tslund, Bj6rn Aadersson. 

TDR/WHO Secretariat: UNDP/World Bank/WHO Special Programme for 
Research and Training in Tropical Diseases, World Health Organization, 
Geneva, Switzerland: f arrokh Modabber, Boris Dollrokholov. 

'Meetings +twc,,wng representat,ves of the'-e lab,3t ~tories ale held whenever possible: for e'cam,>le, 
at the 1995 Woods Hole i"1oleo,.iar P+!r,~.:'~alog,~ Meetlng 0Needs Hole, Mas~chussetts, USA. 
September, 1995); at the XXll  Annual l flee~ ng r,, B3s+c Research In Chagas D;sease (Caxambu. 
Minas Gera+s, Br :z,l. i"ovembe~. 1995',; at ~e  International Symposium on 'New Alternatives for 
the Study of the Td, p,:loscm~J ,-rt,.,, '~eron~e. (Inst+tuto Naclonal de Chagas 'Dr Marie Fatala 
Chaber+. Buenos Pu-es. AF~-t.;,a, ~-'.. November 199S), at the international Syrr, posium 'The 
Human Genome Pt,')le~, and Plr~slte Genome Proiects Progress ~,r,d P~.:>pectJves' (INGEBI. 
8ueros Aires, Arge,lt,~a, 13 14 No'cember 1993), an,, ,it the international Training, Course on 
'Pa,-,~+te Genome Prelects: Strategies and Methods' (ICRO-UNESCO. VVI-~OITDR. ONUDI,  
CYTED. ~-ABBIO: INGEB', Buenos A,re~. Argentira. ! 3 -24 No~ember 1995), 

susceptibility to benznidazole, nifurtimox, allopurinol The CL Brener nuclear karyotype and gene mapping  
and ketoconazole. In addition, the molecular typing of The genetic material of T. cruzi is organized in 
the CL Brener done  is being performed by isoenzy- .sma!! chromosomes that are poorly condensed dur-  
matic profiles, schizodeme, RAPD and DNA finger- mg cell division, making its analysis by conventional 
printing analys.~, and by sequencing of a ribosomal cytogenetics impossible. Size fractionation of chromo- 
RNA gene. Its genetic stability under prolonged cultuf~ somal bands by pulsed field gel electrophoresm 
conditions is also under investigation. (PFGE) and hybridization of different DNA probes 
Parositolo~v Today, vol. 13, r,o. I. 1997 17 



Reviews 
H I 

Box 2. The TDR/WHO-sponsored Parasite Genome Ini.~iative Networks 
• The Filaria genome network will focus on Brugia malayi. High quality 

cDNA ~.ibraries will be constructed and evaluated for all developmental 
stages of B. malayi. The known map of Caenorhabditis clegans will be used 
extensively to identify numerous genes, thereby facilitating the work of the 
network. (Co-ordinated by: Dr Steven Williamq, Department of Biological 
Sciences, Clark Science Center, Smith College, Northampton, MA 01063, 
USA. Tel: +1 413 585 3826, Fax: +1 413 585 3786, e-mail: Swi~.liams 
@smith.stair h.edu). 

• The Leishmania genome network will focus on a single L. major stlain 
(Friedlin). An international consortium has been established to sequence 
the entire genome. The cosmid library and/or high density filters prepared 
from it can be obtained from a central laboratory. The resource also 
includes EST sequence information on many new genes, clones for which 
can be obtained by any parties interested in their development as drug targets 
or vaccines. (Co-ordinated by: Prof. Jenefer M. Blackwell, Department of 
Medicine, University of Cambridge, Adde ~ooke's Hospital, Hills Road, 
Cambridge, UK CB2 2QQ. Tel: +44 1223 630 8636, Fax: +4~ 1223 436 5389, 
e-mail: JM B37@uk.ac.cam.phx@umc). 

• The Trypanosoma brucei genome network will not focus or, any particular 
doned isolate because a substantial number of markers are available which 
can be used for physical mapping and have been developed using different 
isolates. However, genomic libraries are needed and will be constructed by 
a selected laboratory. This will act as a trypanosomatid reference centre to 
maintain large DNA libraries for distribution (Co-ordinated by: Prof. John 
Donelsou, Howard Hughes Medical Institute Research Laboratories, 
Department of Biochemistry, 300 D. Eckstein Medical Research Building, 
College of Medicine, UniversiW of Iowa, Iowa City, IA 52242, USA. Tel: +1 
319 335 7889, Fax: +1 319 335 6764, e-mail: jedonels@vaxa.weeg.uiowa.edu). 

• The Trypano~ma cruzi genome network has chosen a single, well-developed 
CL Brener clone from Brazil. The main activities include the construction of 
genomic libraries from different stages in the parasite. Small sections will 
be mapped initially with the development of the entire map in view, using 
contig libraries. (Co-ordinated by: Prof. Alberto Carlos Frasch, Fundaci6n 
Campomar, Instituto de Investigaciones Bioqufmicas, Av. Patricias 
Argentinas 435,1405 Buenos Aires, Argentina. Tel: +54 1 863 4011 to 4019, 
Fax: +54 1 865 2246, e-mail: cfrasch.fc@iris.iib.uba.ar). 

• The Schistosoma genome network selected S. mansoni and S. japonicum. Prior- 
ity has been given to fo~u" objectives towards mapping of the Schistosoma 
genome: (1) Resource development: stage-specific cDNA libraries are avail- 
able, but large fragment genomic libraries are needed; (2) gene discovery, 
including identification of stage-specific genes; (3) low-resolution physical 
mapping; and (4) development of the genome databank. (Co-ordinated by: 
Prof. Mette Strand, Department of Pharmacology and Molecular Sciences, 
The Johns Hopkins University, School of Medicine, 401 Hunterian, 725 
North Wolfe Street, Baltimore, MD 21205, USA. Tel: +1 410 955 8477, Fax: +1 
410 955 1894, e-mail: Mette.Strand@qmail.bs.jhu.edu). 

have ~'een used to establish the molecular karyotype 
of several strains and clones of T. cruzi. T h e  nuclear 
genome of T. cruzi is highly plastic, and  the size and 
number  of chromosomal bands  vary among  different 
strains and clones of this parasite (reviewed in Ref. 3). 

The molecular karyotype of the clone CL Brener 
was analyzed by PFGE, us ing either single-run con- 
ditions 4 (e-math franco.dmip@epm.br) or three dif- 
ferent overlapping separations s (e-maii:lena.aslund@ 
medgen.uu.se).  In both cases the technique allowed 
visualization of chromosomal bands  ranging from 
0.45 to 4.0 Mbp; by us ing different sets of PFGE con- 
ditions (able to resolve more specifically in the lower, 
middle and higher size range), up  to 42 distinct bands  
could be detected 5. The same chromosomal  pattern 
was obtained with the parep*.al CL strain 4. When  the 
CA-I/72 and Sylvio X10/7 clones were compared to 
CL Brener, substantially different patterns were 
found, the chromosomes in CL Brener being, iu gen- 
eral, larger than the homologous  ones in the other 
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clones 5. The intensity of the ethid- 
ium bromide fluorescence after 
staining of the PFGE gel was not 
evenly distributed along the chro- 
mosomal  bands, indicating co- 
migration of two or more chromo- 
somes, or aneuploidy 4. However,  
the e thidium bromide-stained band- 
ing pattern showed good corre- 
lation with the hybridization pattern 
obtained with a T. brucei telomeric 
probe, suggest ing a more or less 
even distribution of telomeric 
sequences 4. Both studies suggested 
that most  of the chromosomal  
bands  represent pairwise homolo- 
gous  chromosomes;  the maximal  
number  of chromosomes in tile CL 
Brener clone was estihlated as at 
least 64 (Refs 4, 5). The total nuclear 
content of the clone CL Brener was 
estimated 4 to be approximately 
87 Mbp. 

Chromosomal  location of T. cruzi 
highly and  middle repetitive DNA 
sequences, RNA and protein en- 
coding genes was carried out  by 
hybridization of chromoblots with 
homologous  probes 4. Highly repeti- 
tive sequences account for about 
9% of the nuclear genome 9. Two 
middle interspersed repetitive 
DNA sequences, C6 and  SIRE (short 
interspersed reiterated element) 7-9, 
were mapped  to all chromosomal  
bands,  while a minisatellite and  a 
retrotransposon-like sequence were 
mapped  to 11 and 10 chromosomal  
bands. Members  of the ribosomal 
P2beta gene family and gp85 gene 
family (gp90, gp85, gp82) hy- 
bridized with chromosomal  bands  
6 and 10-13, respectively 4. Some 
genes have unique  chromosomal  
locations, and can be used for the 
identification of single chromo- 

somes. Several genes were mapped  at neighbouring 
chromosomal  bands,  as was the case for the 2.3 and  
2.6 Mbp bands,  apparently representing homologous  
chromosomes (M.R. Santos and  J.F. Silveira, un-  
published). Furthermore, single-stranded conform- 
ational analysis has  been used to generate a set of 
STSs that differentiate alleles that map  to different 
chromosomes 10. 

Cano et al. 4 confirmed the physical linkage of sev- 
eral antigen genes (stage-specific surface antigen 
genes; B12 and B13 repetitive antigens) by restriction 
analysis and sequencing of genomic clones carrying 
linked copies. Mapping efforts proceed us ing probes 
generated f rom cDNA libraries, inter-SIRE and SIRE- 
bubble PCR (polymerase chain reaction), and whole 
chromosome labeling. 

In the s tudy by Henriksson et al. 5, chromosome 
identification was performed by hybridization with 35 
different probes it, 30 of which detected single chromo- 
somes. The chromosome-specific probes identified 
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between 26 and 31 chromosomal 
bands in the three cloned stocks 
used, corresponding to 20 unique 
chromosomes in CL Brener and 19 in 
CA-I/72 and Sylvio X10/7. Consid- 
ering the DNA content of the para- 
site, it was predicted that the mark. 
ers recognize at least half of all '/'. 
cruzi chromosomes. A majority of 
identified chromosomes showed 
large differences in size among dif- 
ferent strains, in some cases by u p  to 
50%. Several of the markers showed 
linkage, and nine different linkage 
groups were identified, each com- 
prising 2-4 markers. The linkage 
between the markers was main- 
tained in eight of the nine linkage 
groups when a panel comprising 26 
different T. cruzi strains representing 
major T. cruzi populations was 
tested. One linkage group was found 
to be maintained in some strains but  
not in others. This result shows that 
chromosomal rearrangements occur 
in the T. cruzi genome0 albeit with a 
low frequency. Repetitive DNA, both 
non-coding and (in one case) coding, 
was more abundant  in the clor.ed 
stock CL Brener than in CA-I/72 or 
Sylvio X10/7 (Ref. 5). 

Construction of a genomic  library 
in the cosmid shuttle vector pcosTL 

A cosmid shuttle vector, pcosTL, 
facilitates the ~.~nsfection-mediated 
introduction of large DNA frag,~euts 
into T. cruzi 12. In transfect.ed para- 
sites, recombinant cosmids replicate 
extrachromosomally in multiple 
copies and genes within the inserts 
can be expressed at high levels. 
Cosmid DNA can be rescued after 
transformation of E. coil with total 
cellular DNA. Because of its applica- 
bility both to mapping  and to func- 
tional studies, we have used this vec- 
tor as part of the genome project to 
construct a genomic library with 
DNA f,'om CL Brener clone. 

The library of 60000 clones was 
constructed using size-fractionated 
DNA (20-50 kb) which was obtained 
after partial Sau3a digestion. Using 
the automated facilities at the Im- 
perial Cancer Research Fund Lab- 
oratories, London, 7200 clones were 
picked into 384-well microplates and high density 
colony filters produced (initially 12 copies). To assess 
the quality of the library, these filters have been 
hybridized with a number  of probes including super- 
oxide dismutase,  a thioi-specific antioxidant hom- 
ologue, group I and group Ill members  of the trans- 
sialidase superfamily, mucin, cruzipain, trypanothione 
reductase, cyclophilin and adenylate cyclase. Each of 
the probes yielded positives. Subsequent analysis of 
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Box 3. North-South Partnership Networks a 
As a result of a recent restructuring, the UNDP/World Bank/WHO Special 
Programme for Research and Training in Tropical Diseases (TDR) decided 
that its Sirategic Research component would support research in three well- 
defined areas: (1) molecular entomology, (2) parasite gehome; and (3) patho- 
genesis. 

On 14-15 April 1994, during a meeting jointly sponsored by TDR and the 
Oswaldo Cruz Foundation, at FIOCRUZ's headquarters in Rio de Janeiro, 
Brazil, scientists working with Leishmania and with American and African 
trypanosomes laid dosvn the foundations for the initiative now known as the 
'Parasite Genome Initiative' of TDR. 

The review of the first year of development of the funded projects, carried 
out at the Meeting of the Steering Committees on Strategic Research. TDR, in 
Geneva, 25--29 September 1995, was extremely positive. An excellent organiz- 
ation of research networks has been established "~-tvolving scie:~tists and 
institutions from developed and developing countries working in cJose part- 
nership and focusing on the selected genomes. The initial .~tep-~ of cloning, 
characterization and mapping are already yielding contig s~4uences, STSs 
and ESTs; sequer~ce databases are being organized at each network using 
compatible software; training of human resources and technology transfer in 
this extremely active field is receiving a high priority,. This initial success of 
TDR's Parasite Genome Initiative, however, does not mean that the future of 
the project will be without difficulties. The challenges facing investigators, 
institutions and policy.-makers are formidable and vary in nature: (1) an eco- 
nom'.'," issue is to be considered - the sequencing of millions of base pairs will 
require millions o~ dollars; (2) a technological dilemma has already surfaced, 
ie. in view of the paradigm shift that is taking place i:~ sequencing projects - 
will a network of small labs be as efficient as centralized facilities planned for 
high throughput and mass sequencing?; (3) a policy issue will soon knock at 
the door of the endew.ic country laboratories - why invest in a high-tech, 
basic research project, when there are so many other priorities in health and 
in science and technology in the Third World? 

These are not minor questions, arid the participants of the Parasite Genome 
Initiative, at all levels, should address them carefully if-the project is to 
achieve its goals in time. Governments, decision-makers, sponsors, interna- 
tional organizations, national authorities, institution directors and scientists 
from developing countries should share the enthusiasm and support the 
arguments o. ~ those who shaped and are conducting this unique initiative: 
(1) the developing countries have to cope with the breathtaking advances of 
basl~ ~'ological sciences, and this is one of the very few opportunities avail- 
able to join a long-term, .~ar-reaching project; (2) the TDR 'umbrella' gives 
credibility and momentum to the Programme, catalyzing the participation of 
advanced and endemic-co'~'n',ry laboratories in global research networks, thus 
assuring real technology transfer between partner laboratories; (3) no matter 
what final strategy is adopted (networks of small laboratories and/or cen- 
tralized facilities) efficient structures should be implemented in developing 
countries to allow them to work competitively in the field; (4) financing of the 
project should come from several sources, including the developing country 
themselves, since the outcomes of the research will contribute to the future 
improvement of their health conditions, and will foster their scientific and 
technological development in a fundamental way. 

The TDR Parasite Genome Initiative constitutes a tough challenge in the 
field of tropical disease research. However, if properly conducted, it will open 
a real window of opportunity towards bringing advanced science and tech- 
nology, as well as trained human resources, to developing countries. 

"Box 3 text is prowded by C.ados I~1~ Hotel. president of the Funda~:ao Oswaldo Cruz (FIOCRUZ). 
and researcher at the Department of B~ochernistr/and Molecular Biolo~. Instlttrco Oswaldo Cruz. 
FIOCRUZ. Av. Brasil 4365. Plang, inhos. R~o de Janc~ro. RJ 2104.5-900. ~zl l  (more~k:lcc001.clct. 
fiocruz.br) 

several of these clones revealed that the inserts faith- 
fully reflected the structure of genomic DNA. The 
mucin-like glycoprotein genes have been found to be 
linkeci to members of the trans-sialidase superfamily 
at multiple sites in the genome 13. The filters are now 
freely available to interested workers for screening (e- 
mail: j.m.kelly@Ishtm.ac.uk). Probes can also be sent to 
London, UK, and DNA from any positives obtained 
will be returned. 
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Box 4. The Trypanosoma cruzi Genome Project and the Control of 
Chagas Disease a 

The research of Elsa Leonor Segura at the Institute, Nacional de Chagas 'Dr 
Mario Fatala Chaben' started in 1970 with an analysis of different subcellular 
fractions of the parasite in terms of eliciting an immunoprotective response 
from the host. After some years, our efforts centered in the flagellar fraction, 
isolated from the culture epimasfigote stage, and later on the effects of iso- 
lated antigenic macromolecules. The advent of the approaches of modern 
Molecular Biology allowed us, as well as many other researchers in the field, 
to work with pure recombinant antigens. Yet, even in the very best expel- 
mental protocols, complete sterile immunity was not achieved, although very 
promising results were obtained~ both in terms of reduced parasitaemia and 
increased survival of animals. 

C~r e~'fo.,is ~drned, then, "~nto a search for a better understanding of the 
behaviour of the parasite and the disease in Nature, to estimate the magni- 
tude of the natural parasite challenge and to improve strategies for the control 
of natural, vectoffa!, trattsmissioa o[ Chagas d~p~se. Our field research in 
rural areas of the endemic zone of Argentina, in 1975-1985, showeci a high 
domiciliary infestation with Triatoma infestans, correlated with a high preva- 
lence of T. cruzi in the bugs, and a high infection rate both in humans and in 
domestic dogs. These findings led us to a reformulation of our research priori- 
ties, because we felt that, even if an effective vaccine could be obtained at that 
time, the epidemiological situation might make it of little value in the field. 
Our efforts then focused on ways to improve the conditions for the control of 
Chagas disease, both through an aggressive de-insectation campaign with 
effective ins:~ticides, and through the health education of the popula~on in 
the endemic areas. This approach, which has left both entomological sur- 
veillance and de-insectation (through the use of insecticide canisters) in the 
hands of the rural population, together with Government conducted cam- 
paigns, has resulted in a considerable decrease in both the incideace and the 
prevalence of Chagasic infection. Overall prevalence of Chagas disease in 
Pu-genfina has decreased from about 10.4% in the early surveys on young sol- 
diet's in the 1960s, to about 6% at present. Moreover, the Summer of 1996 has 
been the first recorded one without acute cases reported in the Argentinian 
Prn~.,ince of Santiago del Estero, which used to be the most infected area in the 
country, and where, until 1993, an average of 25 acute cases per Summer were 
reported. The situation is evolving in a simil ,r manner in other Latin American 
couutries, iha~d<s to the aational efforts coordinated by PAHO (Pan American 
Health Organization) and the TDR/WHO. 

The time is now ripe for a renewed attack against the parasite itself, both 
through the development of immunoprotecfive reagents and of new 
chemotherapeutic agents. For this purpose, the comprehensive information 
on the biochemistry and molecular biology of the parasite (which will be the 
result of the Genome Project) will be of inestimable value. We can envisage a 
time, in the near future, where the information stored in the databases on the 
parasite will allow us to pick up better antigens for both immunoprotection 
and diagnosis, and new enzymes that will be suitable targets for chemother- 
apy. The association of these basic approaches with the wealth of field exper- 
tise already attained in the epideruiological :~tudies and control campaigns, is 
likely to result, within our lifetime, in the final eradication of Chagas disease. 

aBox 4 text is pr~ided b-y Elsa Leonor Se.gura, Director of the Inst~uto National de Chagas 'Dr Mado 
FalaJa Chaben', Paseo Co~6n 563,1063 B~nos A i ~  Argentina e-mail: s~gura~n~ha.gov~r 

Construction and a~alysis of a representative 
library in a modified Lawrist7 cosmid vector 

For the generation of a contiguous cosn:id cover- 
age of the genome of T. cruzi as a preparation for 
a large-scale sequence analysis, a cosmid library of 
36864 individual, primary clones was generated 
from total genomic DNA of the reference clone CL 
Brener both by partial digestio~t with Mbol and 
from sheared DNA 14. For cloning, a modified ver- 
sion of cosmid vector Lawrist7 (Ref. 15) that simpli- 
ties analyses such as restriction mapping was used. 
The Lawrist series has been found in several proj- 
ects (eg. sequencing of the yeast and Arabidol~sis 
genomes), to be an extremely convenient cobmid 
vector with regard to sequence analysis of the 

2O 

cloned DNA. The library's repre- 
sentution is about 25 genome 
equivalents, assuming a size of 
55 Mb per haploid T. cruzi genome. 
From prior experience, such a 
degree of redundancy was found 
reasonable for continuous physical 
mapping, and is essential for 
resolving problematic areas. No 
chimerism of inserts could be 
detected by a stringent assay uti- 
lizing the presence of the highly 
repetitive i96 bp satellite unit as 
measure. The co-linearity between 
cosmids and genomic DNA was 
verified by comparing the restric- 
tior, patterns of cosmids with the 
restriction hasmen t s  identified by 
hyb:idizing the respective clones 
to Southern blots of the genomic 
DNA digests. Also, hybridizations 
to separated Z. crlezi chromosomes 
were carried out as a quality 
check. Gridded on to two nylon fil- 
ters, the entire library was ana- 
lyzed using a variety of probes 
confirming the good represen- 
tation of the genome in the library. 
In a reference system, library filters 
and clones are being made avail- 
able to interested parties (e-mail: 
J.Hoheisel@DKFZ-Heidelberg.DE). 
Clone filters have been used 
for more than 60 subsequent 
hybridization experiments ~4. Map- 
ping is under  way following the 
strategy that was used successfully 
to dissect completely the 14 Mb 
genome of Schizosaccharomyces 
pombe TM. Cosmids and cDNA are 
being used as probes for 
hybridization with filters contain- 
ing the entire library, cDNAs are 
useful probes not only for sorting 
the cosmids, but also for locating 
the relevant genes on to the map. 
Contig construction has been 
started for chromosomes 1 
(Uppsala), 2 (Buenos Aires) and 3 
and 4 (Heidelberg) (chromosome 
numbers  as in Ref. 5). Filters con- 

taining the BAC (bacterial artificial chromosome) 
library constructed by John Swindle (see below) are 
being made, and will be available on request. 

Construction of  Yeast Artificial Chromosome and 
Bacterial Artificial Chromosome libraries 

In order to start physical mapping of the T. cruzi 
genome, a CL Brener YAC (yeast artificial chromo- 
some) library was constructed. It contains 3000 YACs, 
with a mean insert size of 365 kb; the library contains 
more than 10 genome equivalents. A portion of the li- 
brary has been characterized to test representativity 
and depth. Particular emphasis has been given to the 
use of repetitive elements, such as SIRE, for YAC 
characterization. PCR screening protocols of pooled 
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arrays of YACs have been used to identify YACs con- 
taining housekeeping genes, and genes encoding rel- 
evant ardigens, including GpS0, d5 and 82, ,*,'49 and 
MIP. Two T. cruzi BAC libraries have been aiso con- 
structed; they have the main advantage that large 
fragments of DNA can be cloned into an E. coil based 
system. Besides, unlike cosmid~, the copy number per 
cell is strictly controlled such that recombination 
events leading to rearrangements will be substantially 
reduced 17,m. BAC I library contains 9000 clones and 
BAC II library 4000 clones, with a mean insert size of 
20 and 30 kb, respectively. Aiming to improve the 
mean insert size, a third library is under construction 
(e-mail: mlevin@proteos.dna.uba.ar). 

Contig assembly has begun around several well- 
characterized loci, such as H49-JL7, B11-B12-B13 and 
MIP. Simultaneously, a modified version of the 
Genome Sequence Sampling strategy 1~ was devel- 
oped to support the construction of the physical map 
of the parasite genome. Isolated chromosomes (I, Ill 
and VII, Ref, 4) are being used as probes to hybridize 
high-density filter membranes to organize YACs and 
BACs into ::hromosome-specific subsets. Chromosome 
specific markers (STSs, sequence-tagged sites, from a 
set of SIRE-associated sites) are being used to confirm 
the chromosome specificity of the selected cloned 
fragments. Since BAC DNA is easy to prepare, and 
probes from the ends of the cloned insert can be read- 
ily made and sequenced, such end probes together 
with sequence data will be used to assemble chromo- 
some specific contigs. YACs will be used to connect 
established BAC contigs to yield a continuous physical 
map of each chromosome 2°. 

Another BAC library of the CL Brener clone 
was constructed (e-maih jswindle@u.washington.edu), 
yielding clones covering DNA of about h~ur times the 
length of the parasite genome, with an average size of 
50 kb. This group is now in the process of making 
new libraries with increased insert sizes and with 
larger overall clone yields. 

Construction of cDNA libraries and EST sequencing 
A cDNA library from CL Brener epimastigotes 

using the pSport 1 plasmid (GibcogRL) was con- 
structed. Poly(A) + RNA from epimastigotes was 
used to generate a library containing about 320000 
clones, which corresponded to a t~ansformation effi- 
ciency of 6.4x106 transforraants per microgram of 
vector DNA. This number of clones is presumably 
enough to represent the whole population of ex- 
pressed sequences. The average ins~'rt siz- was ap- 
proximately 1.0 kb, ranging from 190 bp to 3.4 kb, as 
estimated from restriction analysis of 98 randomly 
chosen clones. Thus far, more than 300 clones have 
been sequenced, yielding on average 350 bp of useful 
data per run on a ABI 373A automated sequencer. 

About 50% of the sequences did not match with any 
entry in GenBank/dbEST, the remainder showing 
homology to previously submitted sequences from other 
organisms (35%) or from T. cntzi (15%). I>~,tailed com- 
puter analysis is being performed, and submission to 
GenBank's EST division is in preparation. In addition, 
the preliminary identification of chromosome-spedfic 
ESTs was started using a random selection of clones, 
which were probed with isolated chromosomes. The 
entire chromosomal band number XVI (2.3 Mb) was 
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-ased as a probe, recognizing two out of 96 purified 
clones and 42 clozms in 20000 colonies of the library. Fur- 
ther ex,r,erime~ _are being performed to detemdne the 
chromosomal location of the clones recognized and to 
exclude the potential presence of repetitive sequences. 

To minimize the sequencing of already known 
T. cruzi genes when searching for ESTs, the library is 
being screened with previously identified and cloned 
genes using probes supplied by several investigators 
or from the EST sequencing effort. In order to extend 
the number of available CL Brener cDNA libraries, 
laig,= numbers of metacyclic trypomastigotes are 
being produced for poly(A) + RNA isolation and con- 
struction of the corresponding cDNA library. Further- 
more, both tile ep,.'mastigote and metacyclic trypo- 
ma~tigote libraries will be 'normalized'. Normalized 
eDNA libraries are made h~ such a way as to reduce the 
representation of abundant mRNA species and in- 
crease that of rare species. Thus, the frequency of 
clones does not reflect the relative abundance of 
mRNA species in the RNA population, and the li- 
brary we~uld presumably contain a greater number of 
different expressed sequences. The normalization pro- 
cedure to be used involves amplification of single- 
stranded DNA clones and selection using reassoci- 
ation kinetics 2I (e-mail: odrondin@ibccLbiof.ufrj.br). 

Data  a n a l y s i s  a n d  cons truc t ion  o f  da tabases  
Data originated in the T. cruzi genome project are 

available from the WINW server at the Department 
for Biocb,-mistry and Molecular Biology (Wim 
Degrave), IOC/Fiocruz at htip://www.dbbm.fiocruz. 
br/genome/tcruzi/ tcruzi .html.  It contains biological 
and parasitologicai data on CL Brener, its karyotype, 
all available T. cruzi sequences from GenBank, or- 
ganized in classes, data on the EST.sequencing project 
and on available libraries, a T. cruzi codon table, con- 
structed from housekeeping gene sequences, and also 
a listing of activities and participating groups in the 
T. cruzi Genome Initiative. A first version of TcruziDB 
is being constructed in the ACeDB software 4.3. More- 
over, a T. cruzi discussion list has been started (sub- 
scription requests to majordomo@iris.dbbm.fiocruz.br; 
messages to tcruzi-l@iris.dbbm.fiocruz.br), reaching 
more than 150 subscribers from 26 countries. 
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Programmed Cell Death 
in Trypanosomatids 

S.C. Welburn, H.A. Barcinski and G.T. Williams 

It has g~terally been assumed that apoptocis and other 
~ r m s  of p~ogranlmed cell death evolved to regulate growth 
and d~elopm~mt in multicelhdar organisms. However, 
recent work has shown that some parasitic protozoa have 
evolved a cell suicide pathway analogous to tlae process 
described as apoptosis in metazoa. In this review, Susan 
Welburn, Marcello Barcinski and Gwyn  Williams discuss 
the possible implications of a cell suicide pathway in the 
vector-borne Trypanosomatids. 

It is a tenet of o.trrent thinking in cell biology that 
programmed ce]! cleath (PCD) evolved to meet the 
particular needs of muIticellular life t:. This idea is 
not based on e×pcrim~nta! evidence showing that all 
unicellular organisms lack PCD, but rather is a reflec- 
tion of the current excitement about the now obvious 
benefits of PCD for multicellular life forms in particu- 
lar. When we consider the problems involved in, for 
example, mammalian differentiation or immune de- 
fence, some sort of control system on cell number and 
a harmless disposal mechanism for unwanted cells 
appears to be essential. As a result of extensive inves- 
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tigation of cell death pathways in metazoa, apoptosis 
is now widely accepted as a universal component of 
developmental and differentiation programmes and 
as a defining step in oncogenetic pathways of mam- 
malian organisms. Active cell death is important in 
multicellular organisms to maintain stable cell num- 
bers, and it fulfills specialist selection and control func- 
tions in many systems such as the immune, haemo- 
poietic and nervous systems. The failure of such cell 
control systems in mammals may lead to cancerous 
growths and, within the immune system, to the de- 
velopment of autoimmune disease a. It is generally as- 
sumed that a regularized system of cell death, among 
other essential development programmes, appeared 
in phylogenesis after the onset of multicel!~a_rity. 

Programmed ce'fi death i~ clear~.y not confined to 
mammals and is extremely widespread, possibly uni- 
versal, in multicellular animals. Much of the genetic 
analysis of PCD has been carried out on the nematode 
Caenorhabditis elegans 4 and, more recently, on the fruit 
fly Drosophila s. Implicit in the specific association of 
PCD with multicellularity is the idea that the protozoa 
would have no need of an orderly process of cell death; 
what would be the point in a single-celled organism 
carrying the complex machinery for arranging its own 
death? How could there be any genetic advantage in 
PCD for such single-celled organisms? This leads 
inevitably to the idea that, unless killed by outside 
forces (inducing 'necrotic death'), protozoa have 
achieved a state oi immortality with no apparent limits 
to their proliferation. Acceptance of this line of thought 
permeates much of parasitology. However, the bound- 
aries defining regulated cell death pathways as a 
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