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Abstract

Background: Lutzomyia umbratilis (a probable species complex) is the main vector of Leishmania guyanensis in the
northern region of Brazil. Lutzomyia anduzei has been implicated as a secondary vector of this parasite. These
species are closely related and exhibit high morphological similarity in the adult stage; therefore, they have been
wrongly identified, both in the past and in the present. This shows the need for employing integrated taxonomy.

Methods: With the aim of gathering information on the molecular taxonomy and evolutionary relationships of
these two vectors, 118 sequences of 663 base pairs (barcode region of the mitochondrial DNA cytochrome oxidase
| — COl) were generated from 72 L. umbratilis and 46 L. anduzei individuals captured, respectively, in six and five
localities of the Brazilian Amazon. The efficiency of the barcode region to differentiate the L. umbratilis lineages |
and Il was also evaluated. The data were analyzed using the pairwise genetic distances matrix and the
Neighbor-Joining (NJ) tree, both based on the Kimura Two Parameter (K2P) evolutionary model.

Results: The analyses resulted in 67 haplotypes: 32 for L. umbratilis and 35 for L. anduzei. The mean intra-specific
genetic distance was 0.008 (0.002 to 0.010 for L. umbratilis; 0.008 to 0.014 for L. anduzei), whereas the mean
interspecific genetic distance was 0.044 (0.041 to 0.046), supporting the barcoding gap. Between the L. umbratilis
lineages | and I, it was 0.009 to 0.010. The NJ tree analysis strongly supported monophyletic clades for both L.
umbratilis and L. anduzei, whereas the L. umbratilis lineages | and Il formed two poorly supported monophyletic
subclades.

Conclusions: The barcode region clearly separated the two species and may therefore constitute a valuable tool in
the identification of the sand fly vectors of Leishmania in endemic leishmaniasis areas. However, the barcode region
had not enough power to separate the two lineages of L. umbratilis, likely reflecting incipient species that have not
yet reached the status of distinct species.
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Background

Phlebotomine sand flies (Diptera: Psychodidae) are
vectors of human leishmaniasis, a disease caused by
trypanosomatids of the genus Leishmania. Leishmania
infection is characterized by a species-specific pathology,
varying from cutaneous lesions to the potentially fatal
visceral form [1,2]. This disease occurs in the tropical,
subtropical and Mediterranean regions of the world and
its global burden has been estimated to be ~500,000
cases of visceral leishmaniasis (VL) and ~1.1-1.5 million
cases of cutaneous leishmaniasis (CL) per year [2,3]. Out
of the six genera belonging to the subfamily Phlebo-
tominae, only Lutzomyia and Phlebotomus include the
vectors of human leishmaniasis. The former is restricted
to the New World, where approximately 32 out of more
than 500 species described [4] are implicated as vectors,
whereas the latter is found in the Old World [1,5]. In
the New World, Lutzomyia (Lutzomyia) longipalpis
(likely a species complex) is recognized as the main
vector of visceral leishmaniasis in the Neotropics [6,7],
whereas Lutzomyia (Nyssomyia) umbratilis, Lutzomyia
(Nyssomyia) flaviscutellata, Lutzomyia (Nyssomyia)
whitmani sensu lato, Lutzomyia (Nyssomyia) intermedia
sensu lato, Lutzomyia (Nyssomyia) neivai, Lutzomyia
(Nyssomyia) olmeca, Lutzomyia (Lutzomyia) gomezi,
Lutzomyia (Psychodopygus) wellcomei, Lutzomyia (Vian-
namyia) furcata, among others, are important vectors of
cutaneous leishmaniasis [7].

Lutzomyia umbratilis is a highly anthropophilic sand
fly that has been appointed as the main vector of Leish-
mania guyanensis, the etiological agent of cutaneous
leishmaniasis (CL) in northern Brazil [8-14] and pro-
bably in other countries of northern South America
[15-18]. Lutzomyia anduzei, its probable sister taxon, is
also an anthropophilic species [9,19]. Arias and Freitas
[11] isolated Leishmania spp. (likely Le. guyanensis) from
wild-caught L. anduzei females collected near the city of
Manaus, in the State of Amazonas, Brazil. Similar
findings were also reported in the State of Pard, Brazil
[9]. Hence, the sporadic records of infections by L.
anduzei suggest that it could be a secondary vector in
the Brazilian Amazon [7,9,19]. There are actually only a
few studies on L. anduzei, and the available data are
limited to species diversity and abundance in areas of
leishmaniasis transmission. Consequently, only little is
known about the accurate geographic distribution, ecol-
ogy and genetics of this species and its efficiency as
vector of this parasite. Additionally, the data published
regarding L. anduzei before L. umbratilis had been de-
scribed may in fact refer to the latter [8,20].

Lutzomyia anduzei and L. umbratilis are two closely
related species exhibiting high morphological similarity
in the adult stage [19,21]. Both species are geogra-
phically distributed in northern South America, with
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extensive overlapping areas [19]. Lutzomyia anduzei was
described by Rozeboom [22], who used specimens
(females) from Gran Sabana in Venezuela. Lutzomyia
umbratilis was described by Ward and Fraiha [23], based
on specimens captured in the Jari River region, State of
Par4, Brazil. Because of the high morphological similarity
between them, L. umbratilis has been wrongly identified
as L. anduzei in the past [8,20]. This misidentification
may still occur today, compromising the accurate identi-
fication of the vectors involved. Along with the difficulty
of separating these species, recent studies have demon-
strated that L. umbratilis may represent a cryptic species
complex of at least two distinct or incipient species
which are separated across opposite banks of the largest
rivers in the central region of the Brazilian Amazon
[24,25] and are probably different in vector competence
[11]. Therefore, the use of molecular markers combined
with morphology (integrated taxonomy) could make the
identification of L. umbratilis and L. anduzei more ac-
curate and differentiate the two lineages within L.
umbratilis, which in turn is relevant for understanding
the epidemiology and the distinct patterns of transmis-
sion of Le. guyanensis, thus facilitating the vector control
efforts in this region.

Main morphological and chromatic differences between

L. umbratilis and L. anduzei

The morphological differences between L. umbratilis
and L. anduzei are subtle [19, R. A. Freitas, personal
communication] (Figure 1). The adults of these species
can show slight differences in color, with L. umbratilis
exhibiting a light brown body and L. anduzei an almost
pale coloration. The females of L. umbratilis have a well
developed spermatheca compared to those of L. anduzei.
In the latter, the terminal tubercle of this organ (sperma-
theca head) is thinner than the terminal ring. In L.
umbratilis, the common and individual ducts show
sharper transverse striations (Figure 1A), whereas in L.
anduzei these striations are weak and fade toward the
common duct (Figure 1B). Furthermore, in L. anduzei
there is an evident narrowing of individual ducts at the
junction with the body. As for the males, in L. um-
bratilis, the aedeagus apex is truncated (Figure 1C),
whereas in L. anduzei it is slender (Figure 1D). The apex
of the genital filament is slightly bifid in L. umbratilis
males (Figure 1E) but bezel-shaped in L. anduzei males
(Figure 1F).

The barcode region comprising 648 base pairs (bp) at
the 5° end of the mitochondrial DNA (mtDNA) cyto-
chrome oxidase I - COI has emerged as the standard
region for the identification of a wide variety of inverte-
brate and vertebrate species [26], although failures have
been reported due to non-monophyly [27]. This region
has shown to be exceptionally promising for species-
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the genital filaments. Bar = 20 pym.

Figure 1 Female and male internal and external genitals of Lutzomyia umbratilis and Lutzomyia anduzei. A and B: Spermathecae of L.
umbratilis and L. anduzei females, respectively; C and D: Aedeagi of L. umbratilis and L. anduzei males, respectively (upper left corners, showing
the position of aedeagi regarding the parameres); E and F: Genital filaments apex of L. umbratilis and L. anduzei males, respectively. tt: terminal
tubercles; i.d. individual ducts; p: parameres; a: aedeagus; g.f: genital filaments; g.p.: genital pumps. The arrows indicate in highlight the apex of

level identification in insects [28-30], including Anopheles
[31,32] and other mosquitoes [33]. However, the
barcode region has so far been little investigated in sand
flies in general [34] and not at all in sand flies from
Brazil.

In the Brazilian Amazon region, although there are
areas of high transmission of leishmaniasis [35] and of
sand fly vectors presenting morphological variations as
well as isomorphic taxa [7], studies on molecular tax-
onomy, phylogenetic relationships, molecular evolution
and population genetics are scarce [5,25,36,37], and no-
thing is known about the genetic diversity of these sand
flies, which could contribute to their management.
Hence, the aim of this study was to seek information on
the molecular taxonomy and to preliminarily clarify
the evolutionary relationships of L. umbratilis and L.
anduzei using the DNA barcode region to help in their

accurate identification and, thereby better determine the
role of each one in the leishmaniasis foci. Additionally,
this study assessed the efficiency of this fragment
in differentiating the two lineages or incipient L.
umbratilis species, previously described by Scarpassa
and Alencar [25].

Methods

Samples and collection sites

Lumbratilis umbratilis adults were collected in six local-
ities of the Brazilian Amazon region (Table 1, Figure 2),
including Cachoeira Porteira in the State of Pard; km 43
of the BR-174 Highway; km 65 of the AM-010 Highway
in the municipality of Rio Preto da Eva; a fragment of
urban forest in Manaus; km 60 of the AM-070 Highway
in the municipality of Manacapuru; and km 60 and
km 70 of the AM-352 Highway in the municipality of
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Table 1 Localities data and haplotype frequency of the Lutzomyia umbratilis and Lutzomyia anduzei samples from the

Brazilian Amazon

Species Localities, State Co-ordinates N Haplotype frequency
(Lat., Long.)
Lutzomyia umbratilis ~ Cachoeira Porteira, Oriximind, Pard 1°28'S; 56° 22" W 12 H1(1), H2(2), H3(1), H4(1), H5(1), H6(1), H7(1), H8(1),
H9(1), H10(2)
Km 43 of BR-174 Highway, Amazonas 2°36'S; 60° 02" W 12 H11(1), H12(1), H13(6), H14(1), H15(1), H16(1), H17(1)
Rio Preto da Eva, Amazonas 2°43"'S: 59° 47" W 13 H12(5), H13(5), 18(1), H19(1), H20(1)
Manaus, Amazonas 3°04'S; 59° 57" W 12 H13@3), H15(1), H19(4), H21(1), H22(1), H23(1), H24(1)
Manacapuru, Amazonas 3°14'S; 60° 31" W 13 H25(2), H26(8), H27(1), H28(1), H29(1)
Novo Airdo, Amazonas 2°47'S; 60° 55" W 10 H26(5), H29(2), H30(1), H31(1), H32(1)
Subtotal 72
Lutzomyia anduzei Manaus, Amazonas 3°04'S; 59° 57" W 10 H33(1), H34(2), H35(1), H36(1), H37(1), H38(1), H39(1),
H40(1), H41(1)
Autazes, Amazonas 3042'S; 5% 07" W 2 H42(1), H43(1)
Novo Airao, Amazonas 2°47'S; 60° 55" W 13 H42(2), H44(6), H45(2), H46(1), H47(1), HA8(1)
Amajari, Roraima 3046"N; 610 44" W 8 H49(1), H50(1), H51(2), H52(1), H53(1), H54(1), H55(1)
S&o Gabriel da Cachoeira, Amazonas 0°03'S; 66° 59" W 13 H41(1), H56(1), H57(1), H58(1), H59(1), H60(1), HE1(1)
H62(1), H63(1), HE64(1), HE5(1), HE6(1), HE7(1)
Subtotal 46
TOTAL 118

N sample size, H1 to H32 Haplotypes observed in the samples of Lutzomyia umbratilis, H33 to H67 Haplotypes observed in the samples of Lutzomyia anduzei.
Inside the parentheses is the number of individuals observed for each haplotype. The underlined haplotypes are shared among localities.

Novo Airdo, in the State of Amazonas, as described in
Scarpassa and Alencar [25]. The collection sites of
Cachoeira Porteira, BR-174 Highway, Rio Preto da Eva
and Manaus are situated on the left bank of the Negro
River and north of the Amazonas River, and the samples
from these sites were named lineage 1. The localities of
Manacapuru and Novo Airdo are situated on the right
bank of the Negro River and the samples from these
sites were named lineage II [25]. Lutzomyia anduzei
adults were captured in five locations of the Brazilian
Amazon, comprising four sites in the State of Amazonas
(urban forest fragment in Manaus; municipality of
Autazes; km 60 and km 70 of the AM-352 Highway in
the municipality of Novo Airdo; municipality of Sao
Gabriel da Cachoeira), and one in the State of Roraima
(Amajari) (Table 1, Figure 2). The two species were
captured sympatrically in Manaus and Novo Airdo. All
information regarding collection data, coordinates and
sample size of the species is displayed in Table 1.

A 663 base pairs (bp) fragment (DNA barcode) was
generated from 72 L. umbratilis and 46 L. anduzei speci-
mens captured in the Brazilian Amazon region (Table 1).
Adults of both species were collected with CDC (Cen-
ters for Disease Control) miniature light traps and with
aspirators placed on the bases of tree trunks, as de-
scribed in Scarpassa and Alencar [25]. This study and
catch protocol was reviewed and approved by the Ins-
titutional Review Board of the National Institute of
Amazonian Research (INPA), of the Brazilian Ministry

of Science, Technology and Innovation (MCTI). The
sample collections were authorized by the Brazilian
Institute for the Environment and Renewable Natural
Resources (IBAMA) and by the System of Authorization
and Information in Biodiversity (SISBIO), license num-
ber 12733-1 for the collection of L. umbratilis and L.
anduzei from Amazonas and Roraima States, Brazil,
and license number 14054-5 for the collection of L.
umbratilis from the Cachoeira Porteira, State of Pard, Brazil.
After collection, the sand flies were preserved in 95%
ethanol and stored at —-20°C until processing for DNA
extraction. Morphological identification of the species
was based on the internal and external genitalia of males
and females [19], using an optical microscope at a mag-
nification of 10x, 40x and 100x (Carl Zeiss, Primo Star,
3119000947, Germany). The male and female genitalia
of L. umbratilis and L. anduzei shown in Figure 1 are
from specimens collected in Cachoeira Porteira (State of
Pard) and Autazes (State of Amazonas), respectively (see
Table 1).

DNA extraction, PCR and sequencing

Total genomic DNA was extracted individually from
whole sand flies using the phenol and chloroform me-
thod [38], resuspended in 20 pL of 1x TE buffer (10 mM
Tris-Cl pH 8.0, 1 mM EDTA pH 8.0) or sterile water,
and then stored at —80°C until amplification by polyme-
rase chain reaction (PCR). The primers (10 uM) used in
the amplification reaction were LCO 1490 and HCO
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Figure 2 Collection sites of Lutzomyia umbratilis and Lutzomyia anduzei samples from the Brazilian Amazon. Lutzomyia umbratilis:
Cachoeira Porteira, BR-174 Highway, Rio Preto da Eva, Manaus, Manacapuru and Novo Airdo. Lutzomyia anduzei: Manaus, Autazes, Novo Airdo,

2198 [39]. All PCR reactions included negative controls.
The PCR products were visualized on 1% agarose gels
under UV light, purified with PEG and both DNA
strands were sequenced in an ABI 3130 XL Automated
DNA Sequencer (Applied Biosystems), available at INPA
(Manaus, Brazil).

Data analysis

All sequences were automatically aligned with the
Clustal W and then compiled and edited in BIOEDIT v.
7.0.8.0 [40]. Following, sequence identity searches were
performed using BLAST (Basic Local Alignment Search
Tool), available at http://www.ncbi.nlm.nih.gov/BLAST/.
The haplotype numbers for each species, number of
polymorphic sites and other measures of genetic diver-
sity were estimated using the DNASP v. 5.10 [41] and

TCS v. 1.21 [42] softwares. The nucleotide frequencies,
numbers of transitions and transversions, the number of
variable sites among haplotypes, and intra and interspe-
cific genetic distances (sequence divergence), based on
the Kimura Two Parameter (K2P) evolutionary model,
were calculated in MEGA v. 5.1 [43]. The phylogenetic
relationship of the haplotypes was inferred using a
Neighbor Joining (NJ) tree, with 2,000 replicates, and
constructed based on the K2P distances. The tree was
rooted using sequences of Anopheles triannulatus sensu
lato (Diptera: Culicidae: Anophelinae) (V. M. Scarpassa,
unpublished data) as outgroup.

The 663 bp barcode region analyzed in this study
overlapped between sites 283 and 663 with those of L.
umbratilis analyzed by Scarpassa and Alencar [25] who
studied a 1181 bp fragment of the COI gene. Haplotypes
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sequences are deposited in GenBank under the accession
numbers KF467531 to KF467597.

Results
The DNA barcode region analyzed in this study com-
prised 663 bp. All alignments were unambiguous and no
insertions or deletions were detected in the dataset. The
amino acid translations showed no stop codons, ensur-
ing that the dataset did not constitute nuclear mitochon-
drial DNA sequences (NUMTs). The amino acid reading
frame starts at the first base of the primer-edited
sequences. All sequences, including those from L.
umbratilis and L. anduzei (n=118), yielded 75 (11.31%)
variable sites and 53 (8%) of these were parsimoniously
informative. Transitions were more common than trans-
versions (Table 2). The average nucleotide composition
was similar in the two species, with an overall average of
38.2% for Thymine (T), 30.3% for Adenine (A), 15.4%
for Cytosine (C) and 16.2% for Guanine (G). The A+T
content were rich (68.5%), as observed in other insects.
One hundred and eighteen sequences resulted in a
total of 67 haplotypes (Table 1), reflecting a high haplo-
type diversity for the two species. Out of 32 haplotypes
(H1-H32) observed for 72 L. umbratilis specimens, six
(H12, H13, H15, H19, H26, H29) were common to the
analyzed localities. The sample of Cachoeira Porteira,
situated at the north of the Amazonas River (lineage I),
however, did not share any haplotype with other local-
ities, likely due to the geographic distance. The samples
from the three other locations (BR-174 Highway, Rio
Preto da Eva and Manaus), situated on the left bank of
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the Negro River (also lineage I), shared the haplotypes
H12, H13, H15 and H19, suggesting gene flow. The sam-
ples from Manacapuru and Novo Airdo, situated on the
right bank of the Negro River (lineage II), shared the
haplotypes H26 and H29. H13 was the most frequent in
lineage I, whereas the H26 was the most frequent in
lineage II. No haplotypes were shared between samples
from opposite river banks (lineages I and II), as previ-
ously detected by Scarpassa and Alencar [25].

The analysis of 46 L. anduzei specimens yielded 35
haplotypes (H33-H67) (Table 1). Of these, only two
(H41 and H42) were shared among samples. The sam-
ples from Manaus and Sdo Gabriel da Cachoeira, geo-
graphically distant, shared H41, whereas the samples
from Autazes and Novo Airdo shared H42. The sample
from Amajari did not share any haplotype with another
locality. Additional file 1 shows the nucleotide substitu-
tions among 67 haplotypes, where ten fixed mutations
(four transitions, at positions 366, 369, 538 and 660; six
transversions, at positions 45, 102, 222, 459, 528 and
558) between L. umbratilis and L. anduzei were ob-
served. Lutzomyia umbratilis lineages I and II, however,
had one fixed mutation (a T<>C transition at position
21) and three almost fixed mutations (all A«—G transi-
tions, at positions 540, 567 and 624). Table 3 portrays the
summary of genetic diversity measures for L. umbratilis
and L. anduzei, which were higher in the latter.

Table 4 shows the pairwise intra and interspecific
genetic distances (K2P) of the two species. The average
intraspecific genetic distance was 0.008, ranging from
0.002 to 0.010 in L. umbratilis and from 0.008 to 0.014

Table 2 Mean of nucleotide frequencies, and transitions and transversions rate of the Lutzomyia umbratilis, Lutzomyia

anduzei and total

Identical pairs TS (%) TV (%) T C A G Total bases

L. umbratilis
Average 659 4 0 38.2 15.2 30.5 16.1 663
st 221 0 0 28 149 28 294 221
2nd 221 0 0 43 26.2 136 176 221
3rd 217 4 0 44 46 50 1.1 221

L. anduzei

Average 656 6 1 38.2 15.6 299 16.3 663
1st 220 1 0 28 14.5 28 294 221
2nd 221 0 0 43 26.2 13.6 17.6 221
3rd 215 5 1 44 6 482 1.8 221

Total general
Average 647 12 4 38.2 154 303 16.2 663
st 220 1 0 28 14.8 28 294 221
2nd 221 0 0 43 26.2 136 176 221
3rd 206 11 4 44 5.1 493 14 221

TS number of transitions, TV number of transversions.
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Lutzomyia umbratilis and Lutzomyia anduzei
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subdivisions, regardless of the geographic origin of the
haplotypes (Table 1), but was also poorly supported.

Summary statistics L. umbratilis L. anduzei

Ne of sequences (N) 72 46 Discussion

N® of polymorphic sites (5) 8 48 The phylogenetic relationships of haplotypes suggest

Total N° of mutations 5 . that L. umbratilis and L. anduzei are monophyletic, w.ith
strongly supported clades; therefore, the barcode region

N° of haplotypes 32 3 can be used for differentiating these two species. The

Haplotype diversity 0921 £ 0019 0979 £ 0012 genetic distance between them was rather small (4.4%)

(h) +SD

Nucleotide diversity 0.00602 + 0.00025 0.01070 + 0.00096

(m £ SD

Average nucleotide 3993 7.095

differences (k)
SD Standard deviation.

in L. anduzei. The mean interspecific genetic distance
between L. umbratilis and L. anduzei was ~six-fold
higher (0.044 + 0.007; varying from 0.041 to 0.046),
supporting the barcoding gap. Within species L. um-
bratilis, the genetic distance between lineages I and II
varied from 0.009 to 0.010, corroborating the previous
observations of Scarpassa and Alencar [25].

The phylogenetic relationships of haplotypes visualized
in the NJ tree (Figure 3), using K2P, supported mono-
phyly for L. umbratilis and L. anduzei, with bootstrap
values of 99% and 98%, respectively, indicating that these
species can be recognized by their barcode region. Clade
I, comprising L. umbratilis lineages I and II, formed two
monophyletic subclades, but had low bootstrap support.
Lineage I haplotypes (H1 to H24) were clustered in
several subdivisions, whereas all haplotypes of lineage II
(H25 to H32) were grouped in another subclade,
with bootstrap support of 62%. Clade II, comprising L.
anduzei haplotypes (H33 to H67), consisted of smaller

and similar to the values found between members of
species complexes in mosquitoes [31,32,44]. Barcode re-
gion analysis provided resolution for 13 sand fly species
of genus Lutzomyia, with the probable existence of cryp-
tic species in two of them [34]; the authors, however, did
not mention the genetic distances among the species
studied. The genetic distance observed in this study is
supported by the great morphological similarity between
L. umbratilis and L. anduzei [19]. Scarpassa and Alencar
[25] observed a higher value (5.8%) for the genetic
distance between L. umbratilis and L. anduzei. These
differences may be explained by the fact that the COI
fragment at the 3° end analyzed by these authors
was more variable, resulting in higher differentiation.
Additionally, in this study the most of the transitions
and transversions observed between L. umbratilis and L.
anduzei occurred in the third codon position, except for
one transition, located in the first codon position
(Table 2). Taken together, these findings may suggest
that L. umbratilis and L. anduzei are either closely re-
lated species or of a recent common origin. However,
our data brought no evidence of genetic introgression
between them, at least at the mitochondrial DNA level.
The phylogenetic relationships observed in this study
for the L. umbratilis lineages I and II indicated two mono-
phyletic subclades, but were poorly supported statistically.

Table 4 Mean intra and interspecific genetic distances, based on the K2P, of the Lutzomyia umbratilis and Lutzomyia

anduzei samples

Samples N  CPumbr BRumbr RPumbr MNumbr MCumbr NAumbr MNandu AUandu NAandu AlJandu SGandu
CPumbr 12 0.005

BRumbr 12 0.005 0.003

RPumbr 13 0.005 0.002 0.002
MNumbr 12 0.005 0.004 0.004 0.003

MCumbr 13 0.009 0010 0.009 0.009 0.002

NAumbr 10 0009 0010 0009 0009 0002 0.001

MNandu 10 0.042 0.043 0.043 0.043 0.044 0.044 0.007

AUandu 2 0.041 0.041 0.041 0.042 0.042 0.042 0.008 0.011

NAandu 13 0.045 0.045 0.045 0.045 0.046 0.046 0.012 0.011 0.014

Alandu 8 0.043 0.044 0.044 0.044 0.044 0.044 0.009 0.010 0014 0.010

SGandu 13 0.042 0.044 0.043 0.043 0.044 0.044 0.008 0.0M 0014 0.010 0.007

CP Cachoeira Porteira, BR BR-174 Highway, RP Rio Preto da Eva, MN Manaus, MC Manacapuru, NA Novo Airdo, AU Autazes, AJ Amajari, SG Sao Gabriel da Cachoeira,
umbr Lutzomyia umbratilis, andu Lutzomyia anduzei, N sample sizes. Values in bold indicate genetic distances between haplotypes intra-sample. The underlined
values are related to comparisons between samples of the lineages | and Il of Lutzomyia umbratilis.
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Figure 3 Neighbor Joining (NJ) tree of the 67 haplotypes observed in Lutzomyia umbratilis and Lutzomyia anduzei, inferred under the
Kimura 2 Parameter (K2P) model. Numbers above branch represent bootstrap supports. Values lower than 50 are not represented on branch.

P triannulatus sensu lato

The fragment of end 3’ analyzed by Scarpassa and
Alencar [25] generated trees with better resolution and
two moderately supported monophyletic clades, likely due
to its higher variation level. On the other hand, biological
and morphological differentiation [24,45] and probable
differences in vector competence [11] have been described
for lineages I and IL In contrast, preliminary data obtained
with nuclear markers are indicating few differences bet-
ween the two lineages (V. M. Scarpassa and R. B. Alencar,
unpublished data), which could be the result of recent
speciation, where the differences are visible only in mito-
chondrial genes.

In the present study, the value of the genetic dis-
tance between L. umbratilis lineages I and II was low

(0.9-1.0%), identical to the one found previously by
Scarpassa and Alencar [25]. This distance falls within
the range of intraspecific nucleotide differences, which
has been less than 2% among Diptera species for the
barcode region [31], but there is an exception [46]. How-
ever, the absence of shared haplotypes detected in the
present and in previous studies [25] may indicate lack of
gene flow between lineages and may be an indicator of
genetic discontinuity. Species that have diverged very
recently are expected to share ancestral variation in high
proportions, a situation that may confound their phy-
logenetic reconstruction; hence, the fixed differences
between these species may be evidenced only in genes in-
volved in the speciation process [47,48]. Taken together,
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the low genetic distance and the poorly supported mono-
phyletic clades observed in the present study, combined
with the previous results, may suggest that two lineages
of L. umbratilis are incipient species [49]. Whether or
not these lineages consist of cryptic species within L.
umbratilis requires further inquiry. Moreover, this differ-
entiation between two L. umbratilis lineages, although
low, could probably affect the genes that control vector
competence and consequently lead to distinct patterns
of Le. guyanensis transmission in the central region of
the Brazilian Amazon, a hypothesis initially raised by
Arias and Freitas [11]. Altogether, these data allows us to
propose that the populations belonging to lineage I (left
bank of the Negro River and north of the Amazonas
River) could be susceptible to the development (i. e., could
be vectors) of Le. guyanensis, whereas the populations be-
longing to lineage II (right bank of the Negro River and
south of the Amazonas River) are likely not to be involved
in the transmission (not vectors) or could be less sus-
ceptible to the development of Le. guyanensis. However,
further studies, including entomological parameters and
transmission dynamics (anthropophily and natural infec-
tion rate of samples from the field) and experimental in-
fections of these populations are needed to either support
or refute this hypothesis.

The findings of this study (Tables 1 and 3) indicated
that L. anduzei has a greater genetic diversity than its
closely related species, L. umbratilis, at least with regard
to the barcode region. Out of the 35 haplotypes ob-
served in L. anduzei, only two were shared among the
samples analyzed, suggesting restricted gene flow be-
tween them. Curiously, the genetic distance observed in
L. anduzei were slightly larger than those detected
between lineages I and II of L. umbratilis, probably in-
dicating that the L. anduzei populations consist of a
significant genetic structure or display a large effective
population size (Ne) [50] or highly divergent haplotypes
[51]. In fact, highly divergent haplotypes were detected
in the sample from Novo Airdo, consequently the com-
parisons involving this sample yielded the highest gen-
etic distance (0.012, 0.014) and intra-sample (0.014)
values (Table 4).

Similar to what was found for L. umbratilis in the
present and a previous study [25], no haplotype was
shared among the L. anduzei samples from opposite
banks of the Negro and Amazonas Rivers. This raises
the hypothesis that the large Rivers of the Amazon re-
gion may act as possible barriers to the sand fly species,
as already discussed by Scarpassa and Alencar [25]. All
these findings, including the high haplotype diversity
with a great number of unique haplotypes and the
strong evidence of genetic structure, demonstrate the
need of population genetics studies in L. anduzei across
its range.
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Conclusions

This is the first study of molecular taxonomy in two
Leishmania vectors, L. umbratilis and L. anduzei, from
the Brazilian Amazon region. We consider the COI bar-
code region to be a robust marker for differentiating
sand fly species, even those closely related, and it may
constitute a valuable tool for epidemiologic studies and
for leishmaniasis control programs throughout South
America. The barcode region, however, had not enough
power to separate the two lineages of L. umbratilis,
which may indicate that they are incipient species that
have not yet reached the status of distinct species [49].
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