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sexually sterile male progeny. ( )ur results provide strong evidence that Lit. / ::cpap exists
in nature as a complex of at least three distinct species. The possible efteicts of coloniation
on the genetic makeup of laboratory populations is considered in extending our results to
natural populations.
Visceral leishmaniasis is a potentially fatal dis100 meters in a 24-hr period.' Wind-assisted disease affecting large populations in many parts of persal has been shown not to be significant. Geothe world. In Latin America alone, some 1.6 mil- graphic isolation among populations of a species
lion people are considered at risk. and almost
with low vagility can promote genetic divergence
200,000 cases occur annually.' The causative
resulting from genetic drift and or selection for
agent is Leishmania donovam chaeasi. which is adaptation to regional habitats. Eventually posttransmitted by the Phlebotomine sand fly Lut- zygotic or prezygotic reproductive isolating
:om via longipalpis. Dense populations of Lu.
mechanisms (RIM) may evolve. If reproductive
longipalpisare frequently associated with human
isolation occurs. such populations become inhabitation in many of the drier regions of Latin
dependent gene pools. each representing a speAmerica. The species has been found in all known
cies that follows a distinct evolutionary trajecfoci of visceral leishmaniasis and is a proven
tory. Ward and others have suggested that Lu.
vector in some of them.2-' More recently, L. d. Iongpalpis may be a species complex."' Their
chagasi has also been isolated from persons with
conclusions were based on a series of attempted
a nonuicerative form of cutaneous leishmaniasis
matings between populations that differed in the
in Central America., - Lutzomi via Iongipalpiswas number of pale spots on the abdomens of males
the predominant anthropophilic sand fly in these (one pair of spots versus two pairs). They did
foci as well.
not find sperm in female spermathecae and sugThe geographic distribution of Lu. longipalpis gested the existence ofpre-RIM. In the few cases
extends from Mexico to southern Brazil and conin which hybrids were produced. both sexes were
sequently covers a variety of habitats. This large sexually fertile. Although their results are interrange is subdivided by mountain ranges and zones
esting, the failure of mating in caged populations
of unsuitable climate that apparently pose forcannot be taken as proof of pre-RIM in nature.
midable barriers to migration. Phlebotimine sand
A study of the genetic structure of a single popflies are generally poor fliers with movement reulation of Lu. longipalpis from Bolivia. consiststricted to short, flight-assisted hopping. Flight
ing of a mixture of individuals that varied in
ranges for several neotropical species in the genus body size, revealed no evidence of significant
Lutzomyia have been estimated not to exceed
genetic divergence among different body size
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groups.' I The purpose of the work we report here
was to estimate the level of genetic divergence
among laboratory populations of Lu. longtpaipLs
that originated from three widely separated localities and to determine if post-RIM exist that
may be involved in the maintenance of diversitv
in nature.
MATERIALS AND METHODS

partment (401 I'N, "4'18 V) in 1989. The Costa
Rica colony was started with flies collected by us
near Liberia. Guanacaste province ( 10°37'N.
85'26'W) in 1991. The locations of' collection
sites are shown in Figure I. All colonies were
maintained as described by Niodi and Tesh.
The Colombia and Costa Rica colonies were
started with the progeny of more than 100 field
collected female flies.

Sand/ly colonies

lso.:i

The Brazil strain of Lu. longipalpis originated
in Lapinha caves near Belo Horizonte. Minas
Gerais (approximate cczrdinates 20°0'S. 44°0'E).
The Colombia colony was derived from flies collected by R B. Tesh near Melgar, Tolima de-

The wh6le bodies of individual adult flies were
homogenized in 7 Al of distilled water. Homogenates were applied to horizontal 12.5% (w. WI
starch gels for electrophoresis using stailard
procedures.' C4 Five different buffer systems were

e analmizs
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TABLE "

Frcquenct,.5ratgene loti d1/er,,uau
omyia longipalpis

Liberia

Costa Rica

Locius (ft

Blraid

ALD

Melgar

Colombia

r

\

10
81

Brazil

Luf,,-

k ),ta Rs~..,

1

1.000

0.000

0,000

IOW).0

100

Belo Horizonte

•

olorTibi,

,,

1.00
0 (Iju

N
100
131
28

Oi,
0.007
0.993
0.000

68
1.000
0.000
0.000

7,
0,.993
Ocif.
07

1. Localities of the populations that provided sand flies for colonies.

MF- I
N
100
92

34
0.000
1.000

34
1.000
0.000

30
1.000
0.000

used to maximize electrophoretic separation of
These are given, along with references.
enzymes.
in Table I. Enzyme-specific histochemical stain-

NiP1
N
100
45

19

20

19
19.4

ing procedures were used to visualize bands on
gels.'" ' Discrete zones of staining activity on
gels were assumed to be controlled by single loci
coding for specific enzyme products. The products of 27 putative enzyme loci provided ade-

80
120
145
PEP-I
N

Loci coding
quate resolution to study variability.'109
for the same enzyme were designated numerically in sequence from most cathodal to most
anodal. Alleles were scored on the basis of the

100
"

distance bands migraicd through the gel with reference to the most common allele, which was
given the rf value of 1.00.
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tercolony crosses and reciprocals were achieved.
Crosses between individuals from the same colonv were likewise conducted as controls. Eggs
were counted, the larval hatch %Aas estimated,
and the mean number of F, adults per female
was calculated. Sterility in hybrid males was determined by microscopic examination of testes.
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The tesi~s and distal portion of the vasa deferentia were dissected and transferred to a small
drop of saline on a microscope slide and a cover
slip was added. The gross appearance of the testes
was noted. Gentle pressure was applied to allow
examination of the contentspf testes. The preparation was examined under diffierential interference contrast illumination. Sperm viability was
determined based on total numbers and uniformity of morphology as compared with parental
males.

A~

.

COCR

RESILTS

Isoz-i'ne surv~eY
Eleven of the 27 loci (40.711,) studied were
monomorphic throughout the sample. Three of'
the 16 polymorphic loci were diallelic. and mannose-6-phosphate isomerase was the most polNmorphic locus, being coded for b',, a total of five
alleles. The observed mean ýýSENI heteroz gosity per individual (H4) throughout the sample

B

BZ

BZ

CO

CR

FIGURE 2. Gels illustrating the phenotypes ol'certain diagnostic loci lor species in the Lwzazouia loncip'aiptý
complex. A. matic enzyme (ME). Lanes 1-3 and 7-9 are Nil ", hornoiogotes and lanes 4-t) arc MIE- homroi,\gotces.

B. mannose phosphate isomerase (MPI). Lanes 1-5 are MPI''l horno/vgoies. lanes 6-8 are MPI'"' homoi~gotes_
lanes 9 and 10 are MPt1'-1'/MPl"' heterozygotes. lane II is an MPI' horno/ygote. lane 12 is an NTPh' homozygote. lane 13 isan MPI-homozygote. lane 14 isan M11I "homozvgote. and lane IS isan MPh homomgote.
C, glutamate oxaloacetate transaminase-l (GOT-I). Lanes 1-10 are GOT! I homozygotes and lanes I1l-1l5 are
GOT- II" homozvgotes. D, peptidase-lI (PEP-I1). Lanes 1-4 are PEP- I ` homozygotes, lanes 5-9 are PEP- I ""
homozygotes. lanes 10-12 are PEP- I'" homozygotes. and lane 13 is a PEP- I I;PEP- I "' heterozygote (the
products of the peptiidase-2 locus can be seen as faint bands towards the top of the gel). CO= Colombia: t3Z
Brazil: CR =Costa Rica.
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TABLE 4

Nei unbiased genetic distances (aboiv diagonab and
genetic similarities (belowi diagonal,. anit- t hree
I utzomyia longipalpis laboratorY colonies
________________________________

stage among the progeny of five intercolon',
crosses was 57.7%, which was substantially high'ýr than that observed in the control cros'ses. In

outcrossing colony' strains, one might expect increased vigor in the F, resulting from heterosi,
The reproductive systems of progenN males iirom
0.255
0.333
Brazil
control crosses appeared normal and contained
0.121
0.717
Colombia
Costa Rica
0.775
0,886
nur, -,is matuire spermatozoa (Figure 3A). The
gross appearance of testes and vasa deferentia in
inte-colon, hybrids did not appear different from
was 0.057 ± 0.018 (Table 2). Each of the I" aI .,bse of the progeny of control matings. HoA polymorphic loci carried alleles that N, -e unique ever, their testes contained only few normal sperm
to a single colony. Seven loci possessed unique a
..umerous abnormal ones (Figure 313). Oink
alleles which were fixed. or nearly s( In -ne colin the cross b,!twe-ri Colombia females and Costa
ony (Table 3 and Figure 2). Consequently. the
Rica males were some hy.brids observed that had
levels of genetic divergencc a ntg the three o01- testes containingn;orrmal spermiat,ýzi i. A sampli:
onies. as measured by genetic distance 0'),~ were ofF, males from this cross were electropho-'sed
very high (Table 4). The diagnostic values oifloci
and the gels were stained for enzyme sy stems
Colons

Braji'

Wombij

osaRc

-

.

were calculated using the methodi of Ayala and

th!-' were (;iagriostic for the Colombia and Costa

Powell; 2t) a locus was considece,' diagnostic if it
could be used to correctly assign a fly to the
population from which it came with a probability
greater than 99%/. Using this criterion, there wcrc
six loci that were Jiagnostic for the Brazil and
Colombia colonies, five loci diagnostic foj' the
Brazil and Costa Rica colonies, and two loci diagnostic for the Colombia and Costa Rica colonies (Table 5). Using mnultilocus genotypes, correct identifications can be achieved with a
probability exceeding 99.99% for any combi-

Rica colonies. The results confirmed that a perdge of these males were in fact derived from
Colombia females that were not virgin when use~l
in the cross. -f nose mples that had normal sperm
were probably the result of this contamination

nation.
HYbridiz:ation exvperinenis
Table 6 summarizes the results ol hvbridizaition experiments. Among the control crosses, each
female laid an average of 2 i.65 eggs (not counted
for the Co'9)mbia colony). The mean number of
eggs laid among females ouircrossed to males of
different strains was 29.76. Survival of F, generations to wte adult stage was lowest in the Brazil
colony (22.6%) and was 44.0%1, in the C~osta Rica
colony.. The clean percent survival to the adult

DISCUSSION

We initially analyzed ou, data by pooling all
individual genotypes and treating them as a single population. The level of genetic polvor
ohism in the overa'! sample studied was high.
Fiity-n ine percent of the 27 loci studied carried
two or more alleles, however, the mean hetero7%,gositv was relativeiv low (5.7N. Table 2). The
reason for thi
isparitý.\vwis tilat alleles were not
distributed randomly' among the three colon,
populations. The, degree of' genetic struciuring
among colony populations was profound: ever\
o-ie of the 1(3 polymorphic loci carried at least
one allele that ocýcurred ill only a single colon\.
When the data were partitionedI to determine
genetic variabilityt. for e'ch individual colonm, the
hc
avrgdfrth
.
mean heterozygst

'TABLE i

Diagnostic ,allies of sev-en loct fOr distinguish ing colonic ofSLutiomlvia longipa pý;
(ompanson

ALT)

GIOT -

MiI I

MYI

Brazil versus Colombia
Brazil versus Costa Rica
Colombia versur, Costa Rica

1.000
1'
1.000

0.999
0.999
1'

1.000
1.000
t

0.991)
0.999
1'

*ALD - aldolase; GOT- I = giutarrate oxaiaacetate transaminase- I M -I--= malic cnzmmc- i. MPipeptidase-1; PGM "Osph,,glucomutase.
SOIJH =sorhitol dehydrogenasc
t Not diagnostic.

PEP.

1.000
1'
1

POM

S 11H

0,945t'
1.000
1,000

1.000
1.000
k0-- 86 t

mnanose-. -phosphate isomerase. P11'-?
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TABLE 6

Results of laboratoryhybridization bel veen pairs ofthree laboratorycoiontcs o! Lutzowrxia looripalpis*

"T-otal
no.
Female X male

hloodiUd

No of iernialhs
oviposaied

Mean no of
eggs iimalc

Mean no off
adults le•
wiabale

f sperm
l,,'

Control
BZ x 3Z
CO x CO
CR x CR

48

35

26.5

6.o

NC
20

N(C

NC

NC

17

16.8

74

Experimental
BZ x CO

24

16

45.1

2_7. )

CO x BZ
BZ x CR

23
26

16
20

39.8
33.7

24,0
24.0

CR x BZ
CO x CR

48
NC

41
20

15.8
N("

6.5
10.5

CR x CO

58

5C

14.4

7.8

"BZ - Brazil:

CO Colombia: NC = not cour 'cd. (R
" = viable: - = inviablc

oil

osta Rica

onies was 6.2%. essentially the same as for tl,e
overall sample. However, the proportion ofpolymorphic loci decreased from 0.593 in the overall
sample to 0.296 on average in the three cclonies.
Since the level of genetic divergence between
colonies can be best summarized by calculating
pairwise value: for genetic distance. we used the
procedure of Nei'9 (Table 4). Estimates of genetic
divergence were quite high. The levels of genetic
distance we observed were in fact equivaent to
those reported among closely related species in
the genus Lutzomrnya (these included comparisons between .'u. townsendi. Lu. spin~crassa.Luyoungi. Lu. longi/locosa.Lu. quasiiownsendi,and
Lu. sauroida).2) In the same study Kreutzer and
others reported that the genetic distance averaged for comparisons between Lit. Iotn loc0,Na,
Lu. quawitownsendi. and Lu. saitroida was I)
0.010. leading them to suggest thai these taxa
may be conspecific. The values we observed were
an order of magnitude higher than this. suggesting that the level of genetic divergence between
pairs of our three colonies more closely resemble
the relationships between species in this genus.
rather than local populations within a single spccies.
The comparisons we describe here Lire among
laboratory populations, and it is well known that
laboratory colonies are affected by forces that
may have a significant impact on their genetic
makeup. How much of the genetic divergence we
observed may be an artifact of the colonization
process? The most common change in colony
genetic makeup is decreased heterogeneity.vf This
may -!sult from genetic drift and/or selection. If
we consider two colonies of the same species,

loss of heterogcneity will significantlv impact genetic distance ono, if an allele at a polymorphiC
locus aproaches uxation n one colony and an
alternate allele approaches fixation in the other.
In our study. this wo,,ld have had to have happened at eighi different loci jTable 3). This is
highly unlikely, considering that two of the colonies were newly established using eggs pooled
from more than 100 wild-caught females. The
only information available on genetic heterogeneity in natural populations of Lu. iongipalpis
comes from a single population in Bolivia. where
observed heterozygosity was measured at 0.037:
this value was lower than that for an' oft our
colony populations (Table 2). Thus. if this value
is ty'pical. heterozygositx was not likely to have
decreased significantlt during coloni/ation.
Anotiier phenomenon that mav atltct the genetic makeup of colony populations is the e'xistence of balanced polymorphisms. which result
in excessively high heteroiygositv at those ioco
afIecIed.." Excessve heierozvgosity at a few eto
may obscure otherwise lower than normal values
when averaged over all loci. Balanced polymorphisms are the result ol linkage to recessive lethai
genes. in which case only hetero7ygotes survli\ c.
An analysis of goodness of tit to Hardy-Weirberg genotypic frequencies was performed for the
three colonies. No dignificant excess of heterozygotes was observed. We believe that the high
level of divergence between colonies cannot be
adequately explained by independent colonization. We therefore conclude that this divergence
reflects the situation in nature, and that our results provide potential genetic markers that
should be useful for identification in the field.

I
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FIGURE 3. A. appearance of norial. mature spermn ol'Lw; omi-w ion eipalpiv. B. the typical appearance Wt
the abnormal sperm produced I-) lntercolon. F. h%brid males, in this case thle product of a cross, bctNecnli
Brazil female and a Colombia male. (Magnilication -- 2.000.)

even in situations where the three species occur
in sym patry. it follows that sonic mechanism
must exist that permits high levels of genetic
divergence to persist among natural populations.
Given the extent of the observed genetic divergence. it is likely that ihis mechanism severel'
limits the amrounit of gene flow among difft-r-,
populations. In addition to geographic isolation.

post-RIM would produce such anl effect and are
amenable to analysis in laboratorý situations,
In hybridization experiments. %Nhichincluded
all pairwise matings and reciprocal crosses. weobserved sterility In male progeny from all iniercolony crosses (Figure 3B3). In each of the control (intracolony) crosses. male-, were sexually
fertile (Figure 3A). The status of h-%brid females
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was not assessed. In only one case did some bybrid males appear to be fertile, but this was proberor, esutingfro
ablvdue o eperientl
ablydueto
xpeimetalerrr, esutin frm
failure to sepaiate the sexes from the stock colonN
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