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Genetic Variation among Natural and Laboratory Colony
Populations of Lutzomyia longipalpis (Lutz & Neiva,
1912)(Diptera:Psychodidae) from Colombia
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Genetic diversity among three field populationatizomyia longipalpisn Colombia was studied
using isozyme analysis. Study sites were as much as 598 km apart and included populations separated
by the eastern Cordillera of the Andes. Genetic variability among populations, estimated by heterozy-
gosity, was within values typical for insects in general (8.1%). Heterozygosity for field populations were
compared with a laboratory colony from Colombia (Melgar colony) and were only slightly lower. These
results suggest that establishment and long term maintenance of the Melgar colony has had little effect
on the level of isozyme variability it carries. Genetic divergences between populations was evaluated
using estimates of genetic distance. Genetic divergence among the three field populations was low
(D=0.021), suggesting they represent local populations within a single species. Genetic distance be-
tween field populations and the Melgar colony was also low (D=0.016), suggesting that this colony
population does not depart significantly from natural populations. Finally, comparisons were made
between Colombian populations and colonies from Brazil and Costa Rica. Genetic distance values
were high between Colombian and both Brazil and Costa Rica colony populations (D=0.199 and 0.098
respectively) providing additional support for our earlier report that populations from the three coun-
tries represent distinct species.
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The geographical distribution dfutzomyia occurs in close association with man and is the prin-
longipalpissensu lat@xtends from central Mexico cipal vector ofLeishmania chagastausative or-
to northern Argentina and Paraguay (Young &anism of American visceral leishmaniasis.
Duncan 1994). This species is unusual among New Mangabeira (1969) reported morphological dif-
World sand flies in its ability to occupy a variety offerences among populations laf. longipalpisin
habitats, including those that have been considgprazil. The differences he observed involved the
ably disturbed by manLu. longipalpissensu lato number of spots on male abdominal tergites. Ward
et al. (1983) carried out cross-mating experiments
using laboratory-reared flies. They suggested that
the reduced capacity of males to inseminate females
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COLCIENCIAS Project | to Dr Nancy G Saravia, Ex-tance among these populations were high and cross-
ecutive Director, C.1.D.E.L.M. ‘mating experiments resulted in the production of
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de Ciencias Biologigas, Universidade Federgl de Minas, In ColombiaLu. Ionglpalplsoccurs along the
Gerais, Caixa Postal 486, 31270-901 Belo Horizomgalley of the Magda}ena River from the qepart—
MG, Brasil ments of Santander in the northeast to Huila in the
Received 22 April 1997 southwest (Fig. 1). It is also present on the east
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Andes that rises to over 3000 m for much of itpastureland near the district of Palo Gordo, between
length, reaching a maximum altitude of 5493 m ifGiron and Piedecuesta, near the city of Buca-
the Sierra Nevada del Cocuy. The latter populaamanga department of Santander; and on June 10
tion may be contiguous with that found in the Ven1993 in a scrub forest on the outskirts of Neiva,
ezuelan states of Merida and Trujillo. In the Codepartment of Huila (Fig. 1). Durania and Palo
lombian department of Norte de Santandar Gordo are 95 km apart, but are separated by the
longipalpishas been found in coffee plantations agrest of the Eastern Cordillera of the Andes, which
800 m above sea level (B Alexander, unpublishe(giuthis point rises to an elevation of over 3000 m.
and this together with the absence of cases of vigurania lies on the eastern slope, at an elevation
ceral leishmaniasis due to (L.) chagasiin the —©of 1000 m, Palo Gordo is an agricultural region in
area suggests that this population may differ géhe Magdalena valley on the west slope, at an el-
netically from that of the Magdalena valley. evation of 500 m. Durania and Palo Gordo lie 598
In this article we describe the results of studiend 500 km respectively northeast of Neiva. Neiva
to determine the level of isozyme variability in field!ies at an elevation of 577 m in the extreme south-
populations ofLu. longipalpisfrom three differ- west portion of the Magdalenavallgy. Insects were
ent locations in Colombia, (one from Norte déransported back to the laboratory in standard plas-
Santander and two from the Magdalena valley) tf¢!-lined containers and either immobilized by
estimate the level of genetic divergence amon§€€2ing before being preserved dry in liquid ni-
these populations and to compare field populatiorfE°9€n Prior to analysis or placed in cages for the
with a long established laboratory colony Originat_estabhshment of new laboratory colonies. In ad-

ing from EI Callejon, near Melgar, department oflition to the above mentioned field collected ma-
Tolima Colombia. ’ terial, flies from the following three laboratory

strains were analyzed for comparison: (1) the Bra-
zil strain, which originated in Lapinha caves near
Belo Horizonte, Minas Gerais (approximate coor-
dinates 1983'S, 440'W); (2) the Colombia colony
derived from flies collected by RB Tesh in the vil-
lage of El Callejon, near Melgar, Tolima depart-
ment (#11'N, 74°18'W) in 1989; (3) the Costa
Rica colony was started with flies collected by us
near Liberia, Guanacaste province {3D'N,
85°26'W) in 1991. New colonies were established
from Palo Gordo and Neiva. All colonies were
maintained as described by Modi and Tesh (1983).
Isozyme analysis Field collected sand flies
were identified to species by morphological char-
acteristics and stored in liquid nitrogen. The whole
bodies of individual adult flies were homogenized
in 7 ni of distilled water. Homogenates were ap-
plied to horizontal 12.5% w/v starch gels for elec-
trophoresis using standard procedures (Steiner &
Joslyn 1979). Two different buffer systems were
employed to maximize electrophoretic separation
of enzymes. These are given with references in
L Table I. Enzyme-specific histochemical staining
. Flonvaiiony  Bima s procedures were employed to visualize bands on
Fig. 1: map of Colombia, showing localities where sand fIiegdS' Discrete zones of staining activity on gels
wgre collec?ed or from which cologies originated. ?Nere aSS””."?d to be controlled by single loci cod-
ing for specific enzyme products. The products of
16 putative enzyme loci provided adequate reso-
lution to study variability (Table ). Loci coding
MATERIALS AND METHODS for the same enzyme were designated numerically
Sampling informatior Adult sand flies were in sequence from most cathodal to most anodal.
collected on June 4-5 1993 by aspirating them frolleles were scored on the basis of the distance
human or animal bait in a stone-walled enclosureands migrated through the gel with reference to
containing pigs adjoining a coffee plantation athe most common allele.
Finca La Primavera, Morreton, near Durania, de- Data analysis Gene and genotypic data were
partment of Norte de Santander; on June 7 1993 @malyzed using the BIOSYS-1 computer program
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TABLE |
Enzyme loci studied
Enzyme Enzyme commission number Abbreviation Buffer
1. Aconitase-2 4213 ACON-2 <
2. Fumarase 4.2.1.2 FUM cAg
3. a-Glycerophosphate dehydrogenase 1.1.18 a-GDH CA-7
4. Glutamate oxaloacetate transaminase-1 26.1.1 GOT-1 CA-8
5. Glutamate oxaloacetate transaminase-2 26.1.1 GOT-2 C
6. Phosphoglucoismerase 5.3.1.9 GPI CA-8
7. Glyceraldehyde-3-phosphate dehydrogenase 1.2.1.12 G3PDH CA-7
8. Hexokinase 2711 HK CA-7
9. Isocitrate dehydrogenase-1 1.1.1.42 IDH-1 CA-8
10. Isocitrate dehydrogenase-2 1.1.1.42 IDH-2 CA-8
11. Malic acid dehydrogenase-1 1.1.1.37 MDH-1 C
12. Malic acid dehydrogenase-2 1.1.1.37 MDH-2 C
13. Malic enzyme-1 1.1.1.40 ME-1 C
14. Phosphoglucomutase 2751 PGM CA-8
15. Trehalase 3.2.1.28 TRE CA-7

a: Clayton et al. (1972)y: Steiner & Joslyn (1979).

(Swofford & Selander 1981). Estimates of gen@ple, with heterozygosity at about 13%, while the
flow were made from £ statistics derived using pajo Gordo population was most uniform (het-
gl)eplljireogeidnurfh gf X\clnerlr: paJti?%(;léZr?;rrr? Eelr?t?ﬁze Aozygosity of 5.4%). The laboratory colony origi-
ating from near Melgar had comparable levels of
GENESTATS by Black and Krafsur (1985). genetic variability (heterozygosity=6.1%). Lev-
RESULTS els of genetic divergence and estimates of genetic
Measures of genetic variability are presentefglatedness between populations were made using
in Table II. The Neiva population was most vari-genetic distance and similarity statistics (Table Ill).

TABLE Il
Genetic variability at fifteen enzyme loci in eight populationkwtzomyia longipalpig¢standard errors in
parentheses)
Mean heterozygosity
Mean sample Mean no. Percentage e
size per of alleles of loci Direct- HdyWbg
Population locus per locus polymorphic count expected
1. Palo Gordo 86.4 1.7 13.3 .054 .065
(10.6) (.2 (.028) (.036)
2. Durania 22.7 2.3 40.0 .061 144
(2.4) (.4) (.015) (.044)
3. Neiva 8.2 15 33.3 127 121
(1.3) (.2) (.052) (.048)
4. Melgar 26.0 1.3 20.0 .061 .062
colony (3.5) (.2) (.031) (.031)
5. Liberia 50.1 1.9 26.7 .045 .082
colony (4.8) (.2) (.025) (.036)
6. Brazil 405 15 26.7 .047 .052
colony (6.3) (.2) (.019) (.021)

a: alocus is considered polymorphic if the frequency of the most common allele does not exceedni®5sed
estimate (see Nei 1978).
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TABLE Il
Matrix of genetic similarity and/or distance coefficients
Population 1 2 3 4 5 6
1. Palo Gordo sk .026 .018 .014 .098 .200
2. Durania .975 ok .020 .013 .104 .205
3. Neiva .982 .980 il .020 .087 .201
4. Colombia colony .987 .987 .980 il 104 .188
5. Costa Rica colony .906 1901 917 .901 ke 192
6. Brazil colony .819 .815 .818 .828 .825 kk

Below diagonal: Nei (1972) genetic identity; above diagonal: Nei (1972) genetic distance.

There were no diagnostic alleles. The averagg&1%. Morrison et al(1995) also compared het-
genetic distance among field populations (Duraniagrozygosity in field populations . longipalpis
Palo Gordo and Neiva) was lo®,= 0.021, sug- from Colombia with the Melgar colony and al-
gesting these represent local populations withintaough they report higher values, they also found
single species. Comparison of these three populittle difference between field and colony popula-
tions with a sample from the Melgar laboratorytions (heterozygosity in five field populations =
colony gave a slightly lower average genetic dist4%, in the Melgar colony = 11%). Together these
tance of D = 0.016. These relationships are illus-observations suggest that in the establishment of the
trated as a dendrogram (UPGMA) of genetic disMelgar colony the colonization process and main-
tances between laboratory and field populationgnance in the laboratory over extended periods of
(Fig. 2). time have resulted in very little effect on isozyme
variability as estimated by heterozygosity.

Levels of genetic divergence among popula-
tions was described using genetic distance (Nei

T 1972). Comparisons were made at three levels:
PALO GORO between the three Colombian field populations;
NEvA UL between Colombian field populations and the
ouRaA Melgar (Colombia) colony and between Colom-

coLamain col ow bian field populations and colony populations of
cosmrcicaone differentLu. longipalpissibling species (Brazil and
aRAZIL COLONY Costa Rica). Three local populations were com-
pared (Fig. 1). Values for genetic distanCe,
among the three field populations was very low
(D = 0.021), consistent with values among local
D el 1972) populations of a single species. This suggests that
Fig. 2: relationships among laboratory and wild populations o€ genetic composition of these populations is
Lutzomyia longipalpisising allozyme frequencies and basedmaintained by appreciable levels of gene flow (mi-
on genetic distance (Nei 1972). UPGMA method used to coyration). Wright’sFST statistics were calculated
struct the denatrogrom. and migration rates\(m) estimated using the rela-
tionshipNm =¥ (1/F g1~ 1). Migration rates were
DISCUSSION low, Nm= 2, but thisS\IaIue is high enough to pre-
Heterozygosity in three field populations (Fig.vent the evolution of significant levels of genetic
1) of the Colombian sibling species bfi. divergence among populations. This value is ap-
longipalpiswas found to be 8.1%. This value ispreciably lower than those reported by Morrison
consistent with that published by Nevo (1978) in @t al. (1995), but this is not surprising since the
survey of 23 insect species, suggesting that in terrpspulations they studied were not more than 25
of genetic variability the Colombian sibling spe-km apart, whereas our sites were separated by much
cies ofLu. longipalpisis a typical insect species. greater distances (95-598 km) and by formidable
This value is, however, lower than the averagphysical barriers as well (the Andes Mountains).
heterozygosity (12.4%) published for Diptera We compared the level of genetic divergence
(Graur 1985). Heterozygosity in the Melgar labobetween three field populations and the Melgar
ratory colony was found to be only slightly lower,laboratory colony and found little genetic diver-
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gence,D = 0.016 (0.013-0.020). These resultso Scott Mariott for assistance in isozyme studies and
depart from those of Morrison et §1995), who maintenance of sand fly colonies in the laboratory in
found a significantly higher genetic distance belexas.

tween field populations and the Melgar coloBy (
» 0.14). This led them to conclude that high level

nization process and to warn that analysis of col-
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