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6. Objectives of CRP 
 
a) Overall: To improve the planning, implementation and evaluation of tsetse SIT 

programmes by the development of appropriate genetic tools. 
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b) Specific: 
• To determine the isolation status of tsetse populations by the use of genetic analysis.  
• To develop strains of tsetse that are refractory to infection by trypanosomes.  
• To initiate a physical and genetic map for tsetse.  
 
 
7. Outputs  
 
RESEARCH: 
Knowledge of tsetse fly genetics has increased by orders of magnitude in the past five 
years. Here we identify the principle developments. 
 
Many new genetic markers have been made available 
We have developed a suite of molecular genetic markers that include allozyme, 
mitochondrial, and microsatellite loci. These markers have been used for basic and 
applied studies of tsetse genetics, including linkage maps, studies of interspecific 
hybridization, and population genetics. These are discussed in more detail below. 
 
Genetic analysis, linkage maps and cytogenetic maps have been established 
Polytene chromosome maps have been developed in morsitans group tsetse and G. 
austeni. These maps provide for the first time in tsetse powerful tools for a wide range of 
cytogenetic analyses including the precise localization of cloned genes, mapping 
insertions in transgenic flies, population genetics, and evolutionary relationships. 
Moreover, polytene chromosome analysis may assist in the design of stable genetic 
sexing systems, as has been accomplished in the medfly. 
 
Tsetse fly symbionts and parasites have been identified and characterized at the 
molecular level 
Three organisms, Wolbachia, Sodalis, and Wigglesworthia have important effects on 
tsetse. These organisms offer opportunity for genetically engineering tsetse flies with 
desirable properties. Wolbachia may serve to drive advantageous genes into natural 
populations. 
 
cDNA libraries have been developed and tsetse-trypanosome interactions studied at the 
molecular level  
Genes coding for anti-parasitic substances have been identified. The usefulness of anti-
parasitic substances is that natural tsetse symbionts can, in principle, be engineered to 
express substances that would prevent the successful development of trypanosomes in 
tsetse flies. Two applications of the technology are apparent: release of sterile males that 
are refractory to trypanosome infection, and development of refractory release strains that 
could replace natural vector strains of the same species. 
 
Population genetics and gene flow measures have been established in some economically 
and medically important tsetse flies  
The breeding structure of some palpalis group and morsitans group populations have 
been characterized in terms of gene flow. All genetic evidence indicates surprisingly 
restricted gene flow among natural populations. The relevance of low gene flow to the 
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SIT is that the return of tsetse flies to regions where they have been eliminated is likely to 
be a slow process. 
 
The genetics of speciation and studies on the genetics of sex determination have been 
initiated 
Heritable factors on the X chromosome have been found that help explain speciation in 
the morsitans group, and other X chromosome factors account for biased sex ratios 
(causing excess numbers of females) in G. m. submorsitans. Such biased sex ratios in 
breeding stocks used for SIT are adverse. In principle, however, research may allow the 
development of breeding stocks in which male-biased sex ratios occur. 
 
Hybridization studies have confirmed the major cause of hybrid male sterility is 
incompatibility of sex chromosomes from different taxa 
Such work indicates that hybridization asymmetry [i.e., markedly different success in 
reciprocal crosses] is due to chromosomal rather than maternally inherited factors such as 
Wolbachia. The results emphasize the need for experimental work to establish whether 
Wolbachia-based asymmetry occurs within individual tsetse taxa (i.e. species or 
subspecies). 
 
RESEARCH RESULTS PUBLISHED DURING THE CRP 
 
Abila P.P., M. Kiendrebeogo, G.N. Mutika G.N., A.G. Parker, & A.S. Robinson 2003. The effect of age on 

the mating competitiveness of male Glossina fuscipes fuscipes and G. palpalis palpalis. Journal of 
Insect Science 3:13-19 

Akman, L., Yamashita, A., Watanabe, H., Oshima, K., Shiba, T., Hattori, M. & S. Aksoy 2002, Genome 
sequence of the endocellular obligate symbiont of tsetse, Wigglesworthia glossinidia. Nature Genetics 
32:402-407 

Akman, L., Rio, R.V.M., Beard, C.B., and S. Aksoy 2001. Genome size and coding capacity of Sodalis 
glossinidius, an enteric symbiont of tsetse flies, as revealed by hybridization analysis to Escherichia 
coli gene arrays. Journal of Bacteriology 185:4517-4525. 

Akman, L. & S. Aksoy 2001, A novel application of gene arrays: Escherichia coli array provides insight 
into the biology of the obligate endosymbiont of tsetse flies. Proc. Natl. Acad. Sciences USA, 
98:7546-7551. 

Aksoy, S., I. Maudlin, C. Dale, A.S. Robinson & S. O’Neill 2001. Future prospects for trypanosomosis 
control. Trends in Parasitology 17:29-35. 

Aksoy, S., Gibson, W., and M.J. Lehane, The Elusive African Trypanosomes in J. Baker, Advances in 
Parasitology, Academic Press, London, in press  

Aksoy, S., Symbiosis in Tsetse in B. Kostas and T. Miller, Insect Symbiosis, pp. 53-65, Academic Press, 
New York, in press. 

Aksoy, S., 2003. Control of tsetse flies and trypanosomes using molecular genetics. Veterinary 
Parasitology 115:125-145 

Aksoy, S., Chen, X. & V. Hypsa. 1997. The phylogenetic positioning and potential transmission routes of 
midgut associated endosymbionts in Glossina. Insect Molecular Biology 6:183-190. 

Aksoy, S., Pourhosseini, A. & A. Chow 1995. Mycetome endosymbionts of tsetse flies constitute a distinct 
lineage related to Enterobacteriaceae. Insect Molecular Biology 4:15-22. 

Aksoy, S. 1995. Wigglesworthia gen. nov and Wigglesworthia glossinidia sp. nov, a taxon Consisting of 
the mycetocyte-associated, primary endosymbionts of tsetse flies. International Journal of Systematic 
Bacteriology 45:848-51. 

Baker, M.D. & Krafsur, E.S. 2001. Identification and properties of microsatellite markers in the tsetse fly 
Glossina morsitans sensu lato (Diptera: Glossinidae). Molecular Ecology Notes 1:234-236. 
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Cappello, M., Song, L., Chen, X., Chang, BL., Harrison, L., Narasimhan, S., Charles, CB. & S. Aksoy 
1998. Tsetse Thrombin Inhibitor : Bloodmeal-induced expression of an anticoagulant in the salivary 
glands and gut tissue of Glossina morsitans morsitans. Proc. Natl. Aca. Sci. USA 95:14290-14295 

Challoner, C. & R.H. Gooding 1997. A white eye color mutant in the tsetse fly Glossina morsitans 
submorsitans Newstead (Diptera: Glossinidae). Genome 40:165-169. 

Chen, X., Song, L. & S. Aksoy 1999, Concordant evolution of a symbiont with its host insect species: 
molecular phylogeny of genus Glossina and its bacteriome-sssociated endosymbiont, Wigglesworthia 
glossinidia, Journal of Molecular Evolution 48:49-58 

Chen, X. O., Li, C.B., Zhao, S. Y. & S. Aksoy 1999. Phylogeny of the symbionts of tsetse and the 
evolutionary relationships with their hosts. Progress in Natural Science 9: 922-928. 

Cheng, Q., Ruel, T., Moloo, S.K., Phelix, M., O’Neill, SL. & S. Aksoy 2000. Prevalence and tissue tropism 
of Wolbachia infections in tsetse, Medical Veterinary Entomology 14:44-50. 

Cheng, Q. & S. Aksoy 1999. Tissue tropism, transmission and expression of foreign genes in vivo in 
midgut symbionts of tsetse flies, Insect Molecular Biology 8:125-132.  

Dale, C,, Aksoy, S., Welburn, SC., Maudlin, I. & A. Oren 2002. Genus XXV. Sodalis, Bergey’s Manual of 
Systematic Bacteriology, (Ed. G. Garrity), Williams and Wilkins, NY. 

De La Rocque, S., Lefrançois, T., Reifenberg, J.M., Solano, P., Bengaly, Z., Kaboré, I., and D. Cuisance 
1998. PCR analysis and spatial repartition of trypanosomes infecting tsetse flies in Sideradougou area 
(Burkina Faso). Annals of the New York Academy of Science 849:32-38. 

De La Rocque S., B. Geoffroy, J.F. Michel, F. Borne, P. Solano, J.Y. Meunier, D. Cuisance 2002. Les ailes 
de glossines, une carte d'identité de l'insecte? Parasite 9:275-281. 

Evans, W.G. & R.H. Gooding 2002. Turbulent plumes of heat, moist heat, and carbon dioxide elicit upwind 
anemotaxis of tsetse flies Glossina morsitans morsitans Westwood (Diptera: Glossinidae). Canadian 
Journal of Zoology 80:1149-1155. 

Gariou-Papalexiou, A., G. Yannopoulos, A.S. Robinson & A. Zacharopoulou 2000. Polytene chromosome 
maps and RAPD polymorphisms in Glossina austeni. In “Area-Wide Control of Fruit Flies and Other 
Insect Pests” Ed K.H. Tan, Penerbit Universiti Sains Malaysia, Penang, 2000, pp 239-250.  

Gariou-Papalexiou, A., G. Yannopoulos, A. Zacharopoulou, & R.H. Gooding 2002. Photographic polytene 
chromosome maps for Glossina morsitans submorsitans (Diptera: Glossinidae): cytogenetic analysis 
of a colony with sex-ratio distortion. Genome 45:871-880. 

Gidudu, A.M., A.S. Robinsion & A. Stamenova 1999. Initial studies on RAPD polymorphisms in Glossina 
fuscipes fuscipes. ISCTRC, Mombassa, 1999, pp 214-216. 

Gooding, R.H. 1997. Genetic analysis of hybrid sterility in crosses of the tsetse flies Glossina palpalis 
palpalis and Glossina palpalis gambiensis. Canadian Journal of Zoology 75:1109-1117. 

Gooding, R.H. 1997 Genetics of hybridization of Glossina swynnertoni with Glossina morsitans morsitans 
and Glossina morsitans centralis. Medical and Veterinary Entomology 11:373-382. 

Gooding, R.H. & G. S. McIntyre 1998. Glossina morsitans morsitans and Glossina palpalis palpalis: 
Dosage compensation raises questions about the Milligan model for control of trypanosome 
development. Experimental Parasitology 90:244-249. 

Gooding, R.H. 1999. Genetics of sterility among Glossina morsitans sspp and G. swynnertoni hybrids. 
pp99-109, In Proceedings of the Second FAO/IAEA Seminar for Africa, 27 November-1 December, 
1995, Zanzibar, United Republic of Tanzania. Backhuys Publishers, Leiden.  

Gooding, R.H. & C.M. Challoner 1999. Genetics of the tsetse fly, Glossina morsitans submorsitans 
Newstead (Diptera: Glossinidae): further mapping of linkage groups I, II and III. Canadian Journal of 
Zoology 77:1309-1313. 

Gooding, R.H. 2000. Hybridization asymmetries in tsetse (Diptera: Glossinidae): role of maternally 
inherited factors and the tsetse genome. Journal of Medical Entomology 37:897-901. 

Gooding, R.H. 1996. Genetic variation in arthropod vectors of disease-causing organisms: obstacles and 
opportunities. Clinical Microbiology Reviews 9:301-320. 

Gooding, R.H., U. Feldmann & A.S. Robinson 1997. Care and maintenance of tsetse colonies. Chapter 5, 
pp 41-55 In The molecular biology of insect disease vectors: A methods manual. Edited by J. M. 
Crampton, C. B. Beard and C. Louis. Chapman and Hall, London. 1997.  

Gooding, R.H. 1999. Tsetse Flies. Encyclopedia of Reproduction. 4:847-854. Academic Press. 
Haddow, J.D., B. Poulis, L.R. Haines, R.H. Gooding, S. Aksoy, & T.W. Pearson 2002. Identification of 

major soluble salivary gland proteins in teneral Glossina morsitans morsitans. Insect Biochemistry 
and Molecular Biology 32:1045-1053. 
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Haines, L.R., J.D. Haddow, S. Aksoy, R.H. Gooding & T.W. Pearson 2002. The major protein in the 
midgut of teneral Glossina morsitans morsitans is a molecular chaperone from the endosymbiotic 
bacterium Wigglesworthia glossinidia. Insect Biochemistry and Molecular Biology 32:1429-1438. 

Hao, Z., Irene Kasumba, I. & S. Aksoy 2003. Proventriculus (cardia) plays a crucial role in immunity in 
tsetse fly (Diptera:Glossinidiae). Insect Biochemistry and Molecular Biology in press 

Hao, Z. & S. Aksoy 2002. Proventriculus-specific cDNAs characterized from the tsetse, Glossina 
morsitans morsitans. Insect Biochemistry and Molecular Biology, 32:1663-1671 

Hao, Z., Kasumba, I., Lehane, MJ., Gibson, W., Kwon, J. & S. Aksoy 2001. Tsetse immune responses and 
trypanosome transmission: implications for the development of tsetse-based control strategies to 
reduce trypanosomiasis. Proc. Natl. Acad. Sci. USA 98:12648-12653 

Krafsur, E.S., Griffiths, N., Brockhouse, C.L. & Brady, J. 1997. Breeding structure of Glossina pallidipes 
populations in East and southern Africa. Bulletin of Entomological Research 87:67-73. 

Krafsur, E.S. & Griffiths, N. 1997. Genetic variation at structural loci in the Glossina morsitans species 
group. Biochemical Genetics 35:1-11. 

Krafsur, E.S., Griffiths, N., Wohlford, D.L., Madsen, M. & Baker, M. 1998. Genetic variation and 
population differentiation in the morsitans group of tsetse flies (Glossinidae). Fourth International 
Congress of Dipterology, 6-13 September 1998, Keble College, Oxford. p 109-110 (Abstract). 

Krafsur, E.S. 1998. Sterile insect technique for suppressing and eradicating insect populations: 55 years and 
counting. Journal of Agricultural Entomology 15:303-317. 

Krafsur, E.S. & Wohlford, D.L. 1999. Breeding structure of Glossina pallidipes populations evaluated by 
mitochondrial variation. Journal of Heredity 90:635-642. 

Krafsur, E.S., Baker, M.D. & Wohlford, D.L. 1999. Population genetics of the Morsitans group of tsetse 
flies (abstract). International Scientific Council for Trypanosomiasis Research & Control, Mombasa, 
Kenya, p 61. 

Krafsur, E.S., Madsen, M., Wohlford, D.L., Mihok, S. & Griffiths, N.T. 2000. Genetic differentiation in G. 
morsitans submorsitans Newstead. Bulletin of Entomological Research 90:329-335. 

Krafsur, E.S. 2000. Tsetse biology and ecology. Quarterly Review of Biology 75:94-120. 
Krafsur, E.S., Endsley, M.A, Wohlford, D.L., Griffiths, N.T. & Allsopp, R. 2001. Genetic differentiation of 

Glossina morsitans centralis populations. Insect Molecular Biology 10:387-398. 
Krafsur, E.S. 2002. Population structure of the tsetse fly Glossina pallidipes estimated by allozyme, 

microsatellite, and mitochondrial diversities. Insect Molecular Biology 11:37-45. 
Krafsur, E.S. & Endsley, M.A. 2002. Microsatellite diversities and gene flow in Glossina morsitans. 

Medical and Veterinary Entomology 16:292-300. 
Krafsur, E.S. 2003. Tsetse fly population genetics: an indirect approach to dispersal. Trends in Parasitology 

19:162-166. 
Krafsur, E.S. 2003. Genetic diversity and gene flow in morsitans group tsetse flies. Tsetse and 

Trypanosomiasis Quarterly 25:141-146. 
Lefrançois T., Solano P., de La Rocque S., Bengaly Z., Reifenberg J.M., Kaboré I. & Cuisance D. 1998. 

New epidemiological features on animal trypanosomosis by molecular analysis in the pastoral zone of 
Sidéradougou, Burkina Faso. Molecular Ecology 7:897-904. 

Luna, C., M. Bonizonni, Q. Cheng, A.S. Robinson, S. Aksoy & L. Zheng 2001. Microsatellite 
polymorphism in tsetse flies (Diptera: Glossinidae). Journal of Medical Entomology 38:376-381 

Malacrida, A.R., L. Gomulski, C. Guglielmino, L Baruffi, C. Torti, F. Marinoni, G. Gasperi 1999. Update 
on the studies on the genome of some Glossina species.In Animal trypanosomomosi: Vector and 
Disease control using nuclear techniques. pp91-97 Backhuys Publishers Leiden. 

McIntyre, G.S. & R.H. Gooding 1996. Variation in the pteridine content in the heads of tsetse flies 
(Diptera: Glossinidae: Glossina Wiedemann): evidence for genetic control. Canadian Journal of 
Zoology 74:621-626. 

McIntyre, G.S. & R.H. Gooding. 1998. Effect of maternal age on offspring quality in tsetse (Diptera: 
Glossinidae). Journal of Medical Entomology 35:210-215. 

Moloo, S.K., J.M. Kabata, F. Waweru & R.H. Gooding 1998. Selection of susceptible and refractory lines 
of Glossina morsitans centralis for Trypanosoma congolense infection and their susceptibility to 
different pathogenic Trypanosoma species. Medical Veterinary Entomology 12:391-398. 

Moloo, S.K. & R.H. Gooding 2000. Long-term study on the susceptibility to Trypanosoma congolense 
infections and genetics of colonized Glossina pallidipes from allopatric populations in Kenya. 
Canadian Journal Zoology 78:1289-1292. 
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Mutika, G.N., E. Opiyo, & A.S. Robinson 2001. Assessing mating performance of male Glossina pallidipes 
Austen (Diptera: Glossinidae) using a walk in cage. Bulletin of Entomological Research 91:281-287. 

Mutika, G.N., E. Opiyo & A.S. Robinson 2002. Effect of low temperature treatment on male pupae and 
adults of Glossina pallidipes (Diptera:Glossinidae). Entomological. Science 5:209-214 

Olet, P.A. 2001. Improving the sterile insect technique through studies on mating behaviour and hybrid 
sterility in the morsitans group of tsetse flies. PhD Thesis, Univ. Vienna, 97pp. 

Olet, P.A., E. Opiyo & A.S. Robinson 2002. Sexual receptivity and age in Glossina pallidipes Austen 
(Diptera:Glossinidae). Journal of Applied Entomology 126:1-5 

Ouma, J.O., Cummings, M.A., Jones, K.C. & Krafsur, E.S. 2003. Characterization of microsatellite 
markers in the tsetse fly, Glossina pallidipes (Diptera: Glossinidae). Molecular Ecology Notes (in 
press). 

Rio, R.V.M., Heddi, A., & Aksoy, S. The genome composition of related enteric microorganisms involved 
in symbiotic relationships with distant insect taxa. Applied and Environmental Microbiology, in press 

Robinson, A.S. 1998. Genetic control of insect pests. In “Biological and Biotechnological Control of Insect 
Pests”. Eds J. Rechcigl and N.A. Rechcigl, CRC Press LLC, Florida, USA. pp 141-169 

Robinson, A.S. 2002 Mutations and their use in insect control. Mutation Research 511:113-132. 
Sané B., Solano P., Garcia A., Fournet F., Laveissière C. 2000. Variations intraspécifiques de la taille des 

ailes et du thorax chez Glossina palpalis palpalis en zone forestière de Côte d’Ivoire. Rev. Elev. 
Méd.vét. pays Trop., 53:245-248. 

Solano P., de La Rocque S., de Meeüs T., Cuny G., Duvallet G. & Cuisance D. 2000. Microsatellite DNA 
markers reveal genetic differentiation among populations of Glossina palpalis gambiensis collected in 
the agro-pastoral zone of Sideradougou, Burkina Faso. Insect Molecular Biology 9:433-439. 

Solano P., Duvallet G., Dumas V., Cuisance D. & Cuny G. 1997. Microsatellite markers for genetic 
population studies in Glossina palpalis. Acta Tropica 65:175-180. 

Solano P., de La Rocque S., Cuisance D., Geoffroy B., de Meeüs T., Cuny G. & Duvallet G. 1999. 
Intraspecific variability in natural populations of Glossina palpalis gambiensis from West Africa, 
revealed by genetic and morphometric analyses. Medical Veterinary Entomology 13:401-407. 

Solano P., A. Koné, A. Garcia, B. Sané, V. Michel, J.F. Michel, B. Coulibaly, V. Jamonneau, D. Kaba, S. 
Dupont & F. Fournet 2003. Rôle des déplacements des malades dans l’épidémiologie de la 
Trypanosomose Humaine Africaine dans le foyer de Bonon, Côte d’Ivoire. Médecine Tropicale, in 
press. 

Solano, P., A. Koné, A. Garcia, B. Sané, V. Michel, J.F. Michel, B. Coulibaly, V. Jamonneau, D. Kaba, S. 
Dupont & F. Fournet 2003. Rôle des déplacements des malades dans l’épidémiologie de la 
Trypanosomose Humaine Africaine dans le foyer de Bonon, Côte d’Ivoire. Médecine Tropicale in 
press. 

Solano, P., JF Guégan, JM Reifenberg, F. Thomas 2001. Trying to identify, predict and explain the 
presence of african trypanosomes in tsetse flies. Journal of Parasitology 87:1058-1063. 

Solano P., 1999. Etude de la variabilité génétique de Glossina palpalis gambiensis par le polymorphisme 
de l’ADN microsatellite. Implications épidémiologiques. Résumé de thèse, Rev. Elev. Méd.vét. pays 
Trop., 52:23-24. 

Solano P., Dujardin J.P., Schofield C.J., Romana C. & Tibayrenc M. (1996). Isoenzymes as a tool for 
identification of Rhodnius species. Research & Reviews in Parasitology 56:41-47. 

Solano P., Reifenberg J.M., Amsler-Delafosse S., Kabore I., Cuisance D. & Duvallet G. 1996. 
Trypanosome characterization by polymerase chain reaction in Glossina palpalis gambiensis and G. 
tachinoides from Burkina Faso. Medical and Veterinary Entomology 10:354-358. 

Solano P., Duvallet G., Dumas V., Cuisance D., Cuny G. & Toure S.M. 1998. Microsatellite markers for 
genetic population studies in Glossina palpalis gambiensis. Annals of the New York Academy of 
Sciences 849:39-43. 

Song, L., Kwon, J. & S. Aksoy 2001. Characterization of genes expressed in the salivary glands of tsetse 
fly, Glossina morsitans morsitans. Insect Molecular Biology, 10:69-76 

Song L. & S. Aksoy 2000. A family of genes with growth factor and adenosine-deaminase similarity are 
preferentially expressed in the salivary glands of Glossina m. morsitans. Gene 252:83-93 

Wohlford, D.L., Krafsur, E.S., Griffiths N.T, Marquez, J.G. & Baker, M.D. 1999. Genetic differentiation of 
some Glossina morsitans morsitans populations. Medical Veterinary Entomology 13:377-385. 
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Yan, J., Cheng, Q., Narashimhan S., Li, C.-B. & S. Aksoy 2002. Cloning and functional expression of a fat 
body-specific chitinase cDNA from the tsetse fly, Glossina morsitans morsitans. Insect Biochemistry 
and Molecular Biology 32:979-989 

Yan, J., Cheng, Q., Li, C.B. & S. Aksoy 2001. Molecular characterization of three gut genes from Glossina 
morsitans morsitans: cathepsin B, zinc-metalloprotease and zinc-carboxypeptidase. Insect Molecular 
Biology 11:57-65 

 
ADDITIONAL RESEARCH OUTPUTS 
 

• Monoclonal antibodies have been developed against major tsetse gut proteins. 
This provides an additional basis for understanding tsetse-trypanosome 
interactions and provides putative targets for disrupting these interactions. Flies 
bred for release could, in principle, be designed with multiple mechanisms that 
confer resistance to trypanosome infection, thereby reducing greatly the chances 
of finding a natural trypanosome population that can infect ‘resistant’ tsetse flies 

 
• Studies have begun of the ecological physiology of wild tsetse flies and genetic 

adaptation. In particular, cross correlations with breeding structure, resistance to 
desiccation, and temperature tolerances are under investigation 

 
• EST libraries have been developed and are of use in tsetse genomics. These will 

enable many interactions between the tsetse and its symbionts to be studied in 
great detail at the molecular level. They can also be used as probes for 
hybridization to polytene chromosomes to help develop a physical map for tsetse.  

 
OTHERS 
 

• Enhanced collaboration among and between African, European, and North 
American laboratories 

 
• Capacity building in East and west Africa 

 
• Fellowship support 

 
• Focused international attention on the contribution of genetics to efficacious area-

wide tsetse/trypanosomosis control 
 

• Recruitment of new workers into the tsetse fly community  
 
 
8. Effectiveness of the CRP 
 
a) In reaching specific objectives 
 
(i) In reaching Specific Objective 1: To determine the isolation status of tsetse 
populations by the use of genetic analysis.  
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Studies on morsitans group and palpalis group tsetse flies show unanticipated levels of 
genetic differentiation. Genetic drift is the likely operating mechanism, but adaptation 
cannot be ruled out. Current and planned research is investigating the likelihood of local 
adaptations in maintaining the high levels of genetic differentiation.  
 
ii) In reaching Specific Objective 2: To develop strains of tsetse that are refractory to 
infection by trypanosomes.  
Much basic research has been accomplished and promising results have been obtained in 
engineering the secondary symbiont Sodalis to express anti-trypanosomal substances thus 
making released flies inherently refractory. An additional number of antibiotic candidate 
substances have been identified. We must plan for field evaluation of these promising 
developments. 
 
iii) In reaching Specific Objective 3: To initiate a physical and genetic map for tsetse.  
State of the art cytogenetic [i.e. physical] maps have been constructed for G. m. 
submorsitans, G. m. morsitans, G. pallidipes, and G. austeni. Genetic maps have been 
developed for G. m. submorsitans, G. m. morsitans, and G. p. palpalis. New biochemical 
and molecular markers have been incorporated into these linkage maps and additional 
work is anticipated. 
 
b) In contributing towards Overall (i.e. Agency project) Objective: To improve the 
planning, implementation and evaluation of tsetse SIT programmes by the development of 
appropriate genetic tools. 
Genetic diversities of colonized tsetse indicate conservation of genetic variation, 
testifying to the careful husbandry required to maintain thriving tsetse cultures. The 
question of genetic compatibility of released, sterile mass reared flies and their wild 
conspecifics has not been investigated directly, but genetic studies of natural populations 
show high levels of population structure. Although there is no a priori reason why 
genetically differentiated populations should predict a degree of mating incompatibility 
between released and wild flies, the possibility should be investigated thoroughly.  
Cryptic species may occur within the palpalis group. Evidence for this comes from 
population genetics of natural G. p. gambiensis populations and from breeding 
experiments on G. p. palpalis cultures that originated from different regions. 
The development of new microsatellite genetic markers for morsitans and palpalis group 
tsetse allow, for the first time, the unambiguous genotyping of natural populations, in 
addition to monitoring genetic drift [i.e., random changes] in cultured breeding stocks. 
Techniques necessary to engineer refractory tsetse flies have been developed via genetic 
engineering of the secondary symbiont, Sodalis glossinidius. 
 
c) Factors, if any, which adversely affected the effectiveness of the CRP  
 
i) Appropriateness of the CRP 
The CRP is deemed to be highly appropriate. 
 
ii) Formulation of the CRP 
No adverse factors were identified. The CRP effectively facilitated coordinated research.  
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iii) Management problems during implementation of the CRP 
 

a. Core facilities to support collection and dissemination of field samples were not 
successfully established.  

 
b.  Timing of CRP meetings was sometimes awkward for participants in universities. 

 
c. Above all, no provision for project continuity exists but there is a compelling need 

for long term collaborative research.  
 
iv) Intellectual, financial and other inputs from participants 
 

a. Participants had great difficulties in obtaining support to perform needed research. 
The objectives of this CRP did not usually correspond with the priorities of 
granting agencies to which CRP participants apply. Nevertheless, after many 
years of writing proposals, two CRP members have succeeded in obtaining U.S. 
NIH support.  

 
b. There is a continuing loss of workers and, therefore, a significantly reduced 

number of tsetse experts. For example, three members of this CRP have retired. 
Another essential worker has had to change careers and now teaches secondary 
school biology. 

 
 
9. Impact of the CRP 
 
Three major impacts can be identified: (a) The development of genetic tools for studying 
tsetse flies; (b) the development of tsetse as a model system for studies on insect 
immunity, and (c) the finding that tsetse populations show an unexpectedly high degree 
of genetic differentiation. All impacts are noteworthy from a purely scientific point of 
view, and each has profound consequences for the successful application of the SIT. 
 
 
10. Relevance of the CRP 
 
The CRP succeeded in focusing attention of investigators on the practicalities of 
instituting an operation SIT programme. The CRP fortuitously corresponded with the 
PAATEC initiative.  
 
 
11. Recommended future action by the Agency 
 
Training 
 
The establishment of reciprocal fellowships between African and European/North 
American institutions could greatly facilitate interest in the tsetse/trypanosomiasis 
problem in addition to furthering institutional capacities and scientific progress.  
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We also recommend establishing an annual or biennial training course. The target groups 
would include technologists and managers. The syllabus would cover both theory and 
practice: 
 

A. Field and laboratory practice 
• Geographic positioning systems, geographic information systems, 

polymerase chain reaction, agarose and acrylamide electrophoresis, and 
DNA sequencing.  

• Essential equipment necessary to accomplish the foregoing. 
• Exercises in genetic statistics by using current software 

 
B. Elementary theory and principle applications 

• Genetic analysis theory:  
• Genetic analysis in practice: trypanosome genetics and tsetse genetics 
• Representative sampling and analytic procedures 
• Tsetse pathogens and symbionts: biology and applications 
• Theory of the SIT and chief genetic enhancements 
• Ecological physiology: tsetse temperature and desiccation tolerances 
• Physical basis of survival in hot, terrestrial environments 

 
Capacity building: regional centres and core facilities 
 
Two or three regional centers are required in Africa. Study of trypanosome transmission 
by tsetse is a huge constraint to furthering knowledge of trypanosomosis epidemiology. 
Clearly, maintaining tsetse cultures is impossible for most research laboratories. Field 
sampling both vector species and the trypanosomes they transmit is expensive, difficult, 
and time consuming when attempted by individuals from European and North American 
laboratories. Large scale molecular surveys of trypanosome and tsetse populations are 
desperately needed and, in principle, would benefit greatly from economies of scale 
afforded by commercial technology companies who use delicate, advanced 
instrumentation unaffordable to the vast majority of laboratories. Moreover, the 
maintenance requirements of such technology are extreme and very costly. We suggest 
that African laboratories (e.g., KETRI, CIRDES) maintain tsetse cultures and 
trypanosome stocks, sample tsetse and trypanosomes and accomplish essential ecological 
research. High tech applications would depend on extramural support with the 
collaboration of investigators from ‘cutting edge’ laboratories. Centrally located 
biological stocks would greatly advance research by allowing laboratories to rely on their 
particular strengths and advantages while reducing costs and sharing effort and 
opportunity over a larger array of investigators.  
 
 
Scientific opportunities 
 
Tsetse flies, their symbionts and parasites are among the most interesting and unusual 
organisms known. We have learned a great deal about them in the past five years, and 
achieved a much deeper understanding of tsetse biology and vector-parasite relationships. 



 

 - 11 - 

 

Newly available recombinant DNA technologies allow the investigation of yet deeper 
questions relevant to the control and eradication of African trypanosomosis. Rapidly 
advancing developments in fundamental science support a search for new application 
methodologies. Thus control methods, which were until recently only hypothetical, are 
becoming increasingly practical to develop and evaluate in the field.  But tsetse flies and 
their associated microflora are inaccessible to the vast majority of scientists. This is why 
both European/North American and African institutions need to be involved, working 
much closer together than before.  
In particular, we now can produce expressed sequence tags, search for single nucleotide 
polymorphisms and build bacterial artificial chromosomal libraries of tsetse genomes and 
we can ‘engineer’ tsetse symbionts to express antiparasitic substances. Physical mapping 
of genes can be done expeditiously where advanced laboratories have easy access to 
thriving tsetse fly cultures. Sequencing large regions of the tsetse genome is a distinct 
possibility. All of the foregoing have important applications for functional genomics, 
proteomics, and exhaustive bioinformatic analyses. 
 
Communication 
 
Tsetse and African trypanosome workers are few and geographically scattered. There is 
no venue for periodic meetings, and little support for international travel. The research 
environment is far richer for mosquito-borne pathogens and the current epidemics of 
sleeping sickness get incredibly little attention from health or agricultural scientists. 
Formal linkages need to be established and supported. These could include a well 
maintained web page and access to a tsetse-trypanosome database. There is PAAT and 
TTIQ, but these are poorly maintained and no longer current, mostly displaying 
organizational logos and advertising their relevance. Perhaps an international agency 
could support financially a website maintained by an interested scientist.  
Earlier RCMs, sponsored by the IAEA, have been markedly successful in bringing 
research workers together, catalyzing needed research, and encouraging technology 
transfer. But more is needed – 5 year research and outreach projects are, quite simply, too 
short.  
 
Movement of biological material 
 
Shipping biological materials, such as DNA, ethanol-preserved tsetse flies and 
cryopreserved materials, is becoming extremely difficult. The application of laws to 
protect wildlife and endangered species has delayed movement of tsetse material. Laws 
governing genetically modified organisms may prohibit field trials of transgenic, sterile 
tsetse flies. If present trends continue, it will soon be quite impossible to carry out 
research that requires any form of transport of biological specimens. 
We therefore recommend the agency keep scientific collaborators and applicators 
appraised of rules and laws regarding GM organisms. Scientists must be aware of current 
rules and regulations: can IAEA help in this? Can IAEA provide good offices in 
encouraging member states to lessen the red tape that increasingly interferes with needed 
medical and agricultural research? 
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A new CRP is required 
 
For all the foregoing reasons, a new CRP would greatly encourage and support progress 
in the control and eradication of African trypanosomosis. It would do so by providing 
research and outreach focus on obtainable goals, disseminating fundamental scientific 
knowledge, new scientific applications, and, above all, encourage technology transfer 
from ‘rich’ countries to sub-Saharan Africa. 


