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GENETIC POLYMORPHISM OF MORPHOLOGICAL AND
BIOCHEMICAL CHARACTERS IN A NATAL, BRAZIL'

POPULATION OF LUTZOMYIA LONGIPALPIS
(DIPTERA: PSYCHODIDAE)
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ABSTRACT. The phlebotomine sand fly, Lutzomyia longipalpis, is the vector of visceral leishmaniasis in the

New World. Variability in its tergal spot morphology has led to conflicting interpretations of the species status

of the various forms. An L. longipatpis field population from eastem Brazil was found with three co-occurring

morphological ya1i31is15-l-spot, 2-spot, and an intermediate form. Genetic profiles were established for each

form. Fifteen isoenzyme loci provided the data matrix for comparison of genetic variation among the forms.

Spot patterns and isoenzyme frequencies fit Hardy-Weinberg expectations, and no significant differences in

isoenzyme frequencies were associated with morphological phenotype. The spot phenotype appears to be a
polymorphic character not related to genetic isolation or differentiation at the species level.

KEY WORDS Lutzomyia longipalpis, phlebotomine sand flies, systematics, morphology, isoenzymes, leish-
maniasis, genetic variability, cryptic species

INTRODUCTION

In the Western Hemisphere, visceral leishmani-
asis is caused by the protozoan, Leishmania cha-
gasi Cunha and Chagas, and is always associated
with the occurrence of the phlebotomine sand fly,
Lutzomyia longipalpis Lutz and Neiva (Grimaldi et
al. 1989). The suggestion that this sand fly is a
cryptic species complex raised serious concerns of
species identification and their roles in the trans-
mission of leishmaniasis. Lutzomyia longipalpis oc-
curs from southern Mexico to northern Argentina
in discontinuous, patchy distributions (Young and
Duncan 1994). However, the morphological varia-
tion in eastern Brazil was the 1st evidence cited for
the presence of cryptic species within a species
complex (Lane 1986). In addition, the spot mor-
phology was postulated to be a marker of epide-
miological significance when Ward et al. (1985,
1988) observed that the predominance ofthe 2-spot
form occurred in the same regions of northeastern
Brazil with a high incidence of leishmaniasis. Ward
et al. also discovered intermediate forms in areas
where the l-spot and 2-spot forms occurred sym-
patrically and commented that the presence of in-
termediate forms indicated that this character is a
genetic polymorphism in the species and cannot re-
liably differentiate sexually isolated populations
(Ward et al. 1988).

Protein electrophoretic analysis of L. longipalpis
has demonstrated substantial intraspecies variability
at local levels (Morrison et al. 1995, Munstermann
et al. 1998) as well as substantial genetic differen-
tiation among colonies originating from different
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geographic areas (Lanzaro et al. 1993). Comparison
of a broader array of laboratory strains with a field
population (Mukhopadhyay et al. 1997) has led to
a limitation of the systematic inferences initially
proposed by Lanzaro et al. (1993) on the basis of
genetic comparisons of 3 laboratory colonies. How-
ever, the multiple-species model that Lanzaro et al.
proposed may yet be realized in some regions as
more geographically dispersed field populations are
analyzed.

Recently, we discovered the presence of 3 co-
occurring morphological phenotypes (l-spot, 2-
spot, intermediate form) of L. longipalpds in a vis-
ceral leishmaniasis endemic area in eastern Brazll,
near the city of Natal. Since 1989, a dramatic in-
crease in cases of visceral leishmaniasis has oc-
curred in the urban and peri-urban zones of Natal
(Jeronimo et al. 1994).In the present report, L. lon-
gipalpis genetic data and analyses are provided, lst,
for comparing isoenzyme profiles of the sand flies
in this city with other populations in eastern Brazil
and, 2nd, to lend factual support to the suggestion
by Ward et al. (1988) that spot morphology is an
intraspecific, polymorphic character. The analytical
approach we followed serves as a model for relat-
ing morphological or physiological polymorphisms
with underlying genetic relationships (including Z.
longipalpis from other regions of its distribution).

MATERIALS AND METHODS

Sand flies were obtained from Selmo Marinho.
near Natal, Rio Grande do Norte, in eastern coastal
Brazil by personnel of the Entomology Department
of Fundag5o Oswaldo Cruz (FIOCRUZ), Rio de Ja-
neiro. Flies were collected by mouth aspiration
from the walls of domestic animal shelters. Female
flies were retained by FIOCRUZ for other studies;
the males were frozen in liquid nitrogen in the field
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Fig. 1. Location of a morphologically heterogeneous population (Natal) of the phlebotornine sand fly, Lutzomyia
Iongipalpis, relative to homogeneous populations of the l-spot form (Lapinha Caves) and the 2-spot form (Jacobina).
Small circles indicate site records of L. longipalpis throughout Brazil.
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for later transport to Yale University. In the sample
of 123 male flies, one of us (K.G.) discovered it to
consist of 3 morphological phenotypes with respect
to 3rd and 4th tergite pale spots (note that this spot
phenotype occurs only in males): 1) l-spot, having
a pair of round whitish spots with a diameter nearly
the full width of the 4th abdominal tergite but no
spot on the 3rd abdominal tergite, 2) 2-spot, having
pairs of similar spots on the 3rd and 4th abdominal
tergites, and 3) an intermediate form with a pair of
3rd-tergite spots somewhat variable in size, but
smaller than normal, along with the normal spots
on the 4th tergite. Before further analysis, males
were separated into the 3 classes by microscopic
inspection of flies on a chill plate. Of the 123 flies,
all of the l-spot flies (n : 8), all of the beterozy-
gote flies (n = 33), and 38 of the 2-spot flies were
subjected to electrophoresis. The remaining 2-spot
male flies (n : 44) were retained as biochemical
and morphological vouchers; 5 were deposited at
the Yale University Museum of Natural History as
museum vouchers.

Genetic profiles of the 3 classes were compared
with data on field strains that were monomorphic
for the l-spot and 2-spot morphology. Genetic dis-
tance values were calculated from data taken from
the l-spot population extant at Lapinha Caves, Mi-
nas Gerais (Mukhopadhyay et al. 1997), and from
a 2-spot population at Jacobina, Bahia (Mukhopa-
dhyay et al. 1998), as externLal, geographic refer-
ence populations from eastern Brazil. The geo-

graphic origins and distributions of the strains are
indicated in Fig. 1.

Electrophoretic methods: Each morphological
type was analyzed separately for electrophoretic
variation by separating the protein products of 15
enzyme loci on polyacrylamide gels. Preparation,
buffer systems and protocols have been previously
described (Munstermann 1988, Mukhopadhyay et
al. L997, Munstermann et al. 1998). Standard en-
zyme-specific histochemical staining of the gels
followed Manchenko (1994'I

Enzymes tested, locus abbreviations, and number
assigned by the International Union of Biochemis-
try were as follows: aspartate transaminase (Aat-2,
2.6.1.10), adenylate kinase (A&, 2.7.4.3), arginine
kinase (Ar&, 2.7.3.3), esterase (Est-L, 3.L.I.56),
glycerol 3-phosphate dehydrogenase (Gpd, 1. 1. 1.8),
glucosephosphate isomerase (Gpi, 5.3.1.9), hexo-
kinase (Ilh 2.7.1.1), isocitrate dehydrogenase (Idh-
1, Idh-2, IJ.l.42), malate dehydrogenase (Mdh-2,
1.L.1.37), "malic" enzyme (Me, l.l.l.4O), man-
nose-6-phosphate isomerase (Mpi, 5.3. 1.8.), phos-
phogluconate dehydrogenase (P gd, 1. 1. 1.44), phos-
phoglucomutase (Pgm, 5.4.2.2), and trehalase (Tre-
1, 3.2.r.28).

Data collection and analysis: Mpi, Pgm, Idh-[,
and occasionally other enzymes produced a very
low enzyme titre or low activity, and the bands on
the gels were resolved by computer enhancement
(Mukhopadhyay et al. 1997). Gene frequencies
were summarized with the BIOSYS-I computer
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Table 1. Allele frequenciesl in 3 morphological forms

isolated from a heterogeneous field population of

Lutzomyia longipalpis from Natal, Brazil.

0.063
0.938
0
8

0.063
0.938
8

o.125
0.875
0
0
8

0.938
o.063
8

o.026
0.961
0.013
38

o.026
o.947
0.013
0.013
38

0.934
0.066
38

0.013
0
o.ln4
0.013
38

o.125
0.1 88
0.1 88
0.375
0.063
o.063
0
8

0.1 88
o
0.813
0
8

' Monomorphic alleles-Arl{9t, Est- Io e3, Idlx- lo 6 t, P gd.N, aff|d,
Tre_ 11.12 -

2 R, : ratio of the distance an enzyme-generated band migrates
from the gel origin to the distance migrated for the same enzyme
in the Aedes aegypti reference standtrd.

r Frequencies in bold re the most cotilnon allele in each locus-
population combination.

Table 2. Contingency chi-square values for l0

polymorphic enzyme loci comparing the gene

frequencies in the l-spot, 2-spot, and intemediate

morphological groups isolated from a field population of

Lutzomyia longipalpis collected in Natal, Brazil.Natal population

Locus (R)'� One-spot Intermediate Ttvo-spot Locus Chi-square df

2.28
3 . 1 2
1.78
5.72
o.24
1.96

r0.26
2.16

r7.60
4.60

P-value

0.67
0.45

n

AK
1.36
1.26
1.12

n

Gpd
1.63
1.41

n

0.568
o.432
38

o.375
o.625
8

0.5783
0.422
32

o.ol6
0.93E
o.o47

0.016
0.984

0.031
0.969
o
o
32

0.953
o.M7
32

0.016
0.016
0.953
0.016
32

o.ol6
0.953
0.031
0
5 Z

0.016
0.984
0
0
32

o
0.080
0.380
o.440
0.060
0.020
0.020
25

o.094
0
0.875
0.031
32

Aat-2
AK
Gpd
Gpi
HK
rdh-2
Me
Mdh-2
Mpi
Pgm

o.320
0.538
0.410
o.4s6
0.889
0.923
0.1 14
0.905
o.129
0.596

4
z

6
2
6
6
6

1 2
6

0.013
0.987
38

Gpi
0.48
0.39
0.30
0.22

n

HK

0.82
0.73

n

Idh-2
0.84
0.79
0.68
0.50

n

Mdh-2
0.72
0.61
0.50
0.42

n

Me
1.05
0.97
0.93
0.90

n

Mpi
1.00
0.90
0.80
0.75
0.60
0.50
0.40

n

Pgm
1.12
1.08
1.04
0.87

n

0
0.961
0.013
o.026
38

0.017
0.133
0.383
o.243
o.1 50
o.033
0
30

o.149
o.ol4
0.770
0.068

o.026
o.934
o.026
0.013
38

0
0
1.(mo
0
8

0
1.mo
0
o
8

0.063
0.87s
0.063
o
8

program (Swofford and Selander 1981) to display
average heterozygosities, Nei's unbiased genetic
distance coefficients, and the unweighted pair-
group method (UPGMA) dendrogram. The pro-
gram also tested the gene frequencies among the 3
morphological classes for significant differences by
the HETXSQ option (heterogeneity chisquare).

RESULTS

In the Natal field sample of t23 male flies, 8 l-
spot, (no spot on 3rd tergite), 33 intermediate, and
82 2-spot forms were discerned. The spot on the
4th tergite did not vary its phenotype among the 3
classes. A reasonable genetic model describing
these phenotypes was the following: the spot mor-
phology on the 3rd tergite is controlled by a single
codominant gene with 3 phenotypes, no spot, spot,
and intermediate-sized spot (heterozygote). The 3rd
tergite phenotypes were in close agreement with the
Hardy-Weinberg expectations (expected number:
no spot = 4.9, l-spot : 78.9, and intermediate-
sized spot [heterozygote] : 39.2), where p* "*, :
0.199 and q",.,: O.8Ol (X' : 3.32, P < 0.30).

Allele frequencies of 15 enzyme loci for the 3
morphological classes are described by Table 1. A
considerable range in genetic variability was ob-
served, with 5 showing no variability (monomor-
phic) and, at the other extreme, one locus-Mpi
with 7 alleles. With the exception of Mpi, the major
alleles were present in similar frequencies in the 3
classes of spot phenotypes. A heterogeneity X, test
for enzyme frequency differences among the 3
morphological classes revealed no significant dif-
ferences (Table 2). Rare alleles unique to a single
morphological class were expected as a conse-
quence of sampling probabilities. These alleles in-
cluded the following: l) 2-spot, n : 38-Gpi022,
Gpio30, Mdh-20a2, Msan, and Pgmtfi;2) intermedi-
ate form, n : 32-Idh-2o.7e and MpioJto. and 3) 1_
spot, n - $-1161s. No significant deviation from
the Hardy-Weinberg equilibrium occurred within
each group. When the Natal sample was analyzed
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Table 3. Genetic variability at 15 loci in 3 morphological forms of a field population of Lutzomyia longipalpis
from Natal, Brazil.

Population

Mean
n per
locus

(+sEM)
Direct count

(+sEM)
Hardy-Weinberg

(+sEM)

Average
heterozygosity Mean no.

alleles Va of
per locus polymorphic
(+SEM) loci'

I -spot

Intermediate

2-spot

7.5
(0.4)
28.7
( 1 . 3 )
3 l  . 8
(2.4)

o.175
(0.064)
0 .1  10

(0.040)
0.145

(0.05s)

0.166
(0.060)
o.127

(0.0s 1)
o.148
(0.057)

1 .9
(o.3)
z--t

(0.4)
2.5

(0.4)

53.3

66.7

66.7

rA locus is considered polymorphic if more than 1 allele was detected

as a single population, the alleles at all loci were
found to be in equilibrium.

Table 3 shows the average heterozygosity, mean
number of alleles and the percentage of polymor-
phic loci in each of the forms. The values are high
as compared with the laboratory populations (Mu-
khopadhyay et al. 1997) but are typical of those
seen in other field populations of L. longipalpis
(Munstermann et al. 1998, Mukhopadhyay et al.
1998).

Nei's unbiased genetic distance indices (D) were
calculated from data presented in Table 1 for com-
parison with the additional field populations of Ja-
cobina (INVo 2-spot morphology) and Lapinha
(1007o l-spot morphology). The index values to the
3rd decimal place were 0.001 between Natal l-spot
and 2-spot forms and 0 for the Natal combinations,
reflecting no genetic differentiation among the mor-
phological forms. The D matrix values were de-
picted as a UPGMA dendrogram (Fig. 2) which il-
lustrated the identity of the 3 morphological forms
as well as indicating the very close relationship (ge-
netic distance <0.05) among the 3 widely sep,uated
geographic strains of eastern Btazll.

DISCUSSION

Knowledge of sand fly biology is relatively lim-
ited in contrast to that of mosquitoes and black

Natal (two-spot)

Natal (intermediate)

Natal (one-spot)

Lapinha Caves (one-spot)

Jacobina (two-spot)

#
0.05 0.04 0.03 0.02 0.01 0.0

Nei 's  Genet ic Distance

Fig.2. Nei's (1978) unbiased genetic distance indices
depicted in the form of a UPGMA dendrogram for 3 mor-
phological forms of Lutzomyia longipalpis field collected
from Natal, Brazil, and 2 morphologically homogeneous
forms field collected from Lapinha Caves and Jacobina,

Brazll.

flies; this has had a negative impact on the devel-
opment of a sound taxonomy for phlebotomine
sand flies at the species and infraspecies level (Lane
1986). Since the early days of the 20th century,
most advances in the taxonomy of sand flies have
followed from studies on their role in the transmis-
sion of disease. Because the sand fly genera Lut-
zomyia and Phlebotomus are the only 2 genera
known to transmit Itishmania pathogenic to man,
most studies have focused on these groups. Recent
observations on geographic and local variation in
behavior and morphology have led to speculations
concerning presence of sibling species complexes
in several of the species in these genera. However,
without a broadly based knowledge of the sand fly
biology as well as its broad scale and microhabitat
distributions, evaluation of the variation in taxo-
nomic and evolutionary terms has been problematic
Gane 1986).

Application of some population genetic princi-
ples in association with comparisons of multiple
variable loci can give evidence in specific instances
where the presence of a species complex is sus-
pected. In the present study, these principles have
been applied to the case of a morphological char-
acter that previously had been presented as symp-
tomatic of the presence of a species complex in Z.
longipalpis.

We have shown that the tergal morphology is not
correlated with a distinctive electrophoretic profile.
In the morphologically heterogeneous population of
Natal, no significant differences were discerned in
pairwise comparisons among the l-spot, interme-
diate and 2-spot forms, nor did evidence of popu-

lation substructuring (2 or more sympatric species)
appear.

Two studies of Bolivian L. longipalpis compared
similar genetic features, but the conclusions dif-
fered somewhat from one another. The first was that
of Bonnefoy et al. (1986), who failed to find an
association between size heterogeneity and isozyme
profile in Bolivian samples of L. longipalpis. A

more recent study (Dujardin et al. 1997) compared
l-spot and 2-spot populations separated by a dis-

tance of 800 km with 9 electrophoretic loci. Only
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3 of the 9 loci exhibited variability (cellulose ace-
tate electrophoresis), but together with size char-
acters, the authors concluded that the populations
were genetically "isolated by distance"---differ-
ences that "possibly have taxonomic significance."
On the basis of variability recovered in the present
study and in other populations of L. longipalpis
(Morrison et al. 1995; Mukhopadhyay et al. 1997,
1998; Munstermann 1998), these differences prob-
ably reflect founder effects in a species with rela-
tively low vagility (Morrison et d. 1993). None of
these studies noted differences between male and
female sand flies with respect to gene frequencies.

The 3 Natal forms are in Hardy-Weinberg equi-
librium for both the spot phenotype and the enzyme
polymorphisms. This equilibrium provides support
for a hypothesis of panmixis in the Natal popula-
tion. The data also lend credence to the hypothesis
promoted by Ward et al. (1988) and Santos et al.
(1991) to explain both their difficulties in establish-
ing pure lines of l-spot and 2-spot laboratory col-
onies and the frequent appearance of males "inter-

mediate" between the 2 forms.
Presentation of historical details of the l-spoV2-

spot discourse is warranted because of the role of
their discovery in fostering the concept of species
complexes in sand flies. When Mangabeira (1969)
noted the tergal spot morphological differences in
male L. longipalpis from Par6 and Cear6 states in
Brazll, as a classical morphologist, he felt that the
2 forms represented different species or varieties.
The spot phenotype became the sole morphological
marker for identification and separation of field-col-
lected male specimens. To evaluate tlese differ-
ences in terms of the biological species concept,
Ward et al. (1983, 1988) initiated crosses between
different spot forms. They noticed partial reproduc-
tive isolation in sympatric and allopafic l-spoV2-
spot populations, prompting them to suggest the
presence of a species complex.

Some of the data did not fit this motif very well,
however. For example, although the yield of hybrid
(l-spot X 2-spot) flies was low, backcross progeny
were recovered in high numbers (26Vo-48Vo) when
backcrossed to l-spot flies. In addition, a lower sur-
vivorship occurred in crosses between strains of
same spot morphology from different (allopatric)
origins; yet, allopatric populations with males of
different phenotypes were sexually compatible
(Ward et al. 1988). Finally, the intermediate spot
morphology was recovered from some of the allo-
patric crosses.

Several alternative explanations are possible for
the reduced hatching rate in the hybrid crosses. In
sand flies, even in the parental reference crosses,
individual to individual female and trial to trial
variation in progeny generation can be very large
(Ghosh et al. 1997; L. Munstermann, unpublished).
Possibly, the lower survivorship in crosses between
the allopatric strains may be the effect of genetic
factors not associated with spot morphology. Be-

cause of the long larval development period and
sensitivity to an unfavorable laboratory environ-
ment, changes in humidity, nutrition or mating suc-
cess can influence survival rates greatly.
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