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Abstract: Phlebotomine sand flies are weak flies, with maximum dispersal seldom exceeds
one kilometer away from their breeding sites. For PAlebotomus papatasi, which has a broad
geographical distribution, it is expected however, that the local populations are genetically
isolated. The present study developed a Polymerase Chain Reaction (PCR) method to
distinguish between the DNA profiles of two laboratory colonies and several field
populations of P. papatasi sand flies originating from different sites in the West Bank.
Primers, designed from the P. papatasi ¢-amylase gene, amplify population-specific bands
in all male and female specimens tested. The profiles were based on the variability of PCR
bands exhibited on agarose gels. The data analysis showed significant variations among the
two colomies and eight field populations, the genetic variability evaluated by genetic distance
indicated that colony populations, which originated from the Jordan Valley exhibit low
genetic variability and are closely related to each other, whereas high genetic variation was
detected among some populations originating from different sites in the West Bank.
Population genetic analysis of sand fly populations from leishmaniasis-endemic areas may
provide information on the amounts of genetic connectedness among P. papatasi populations
distributed on large scale (i.e.. among geographic regions) or within a region. These
informations associated with estimation of their abilities to harbor and transmit Leishmania
parasites will be necessary for developing effective control strategies.
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INTRODUCTION

The sand fly Phlebotomus papatasi (Diptera: Psychodidae) is a vector of Leishmania major,
which is the causative agent of cutaneous leishmaniasis in the Palestinian Territories (Schlein ef af.,
1982; Jaffe ef al., 2004; Nasereddin and Jaffe, 2004) and other regions in the world (Ashford and
Bettimi, 1987; Killick-Kendrick, 1990, 1999; Guernaoui ef ef., 2005; Yaghoobi-Ershadi ef ai., 2005).
It also transmits other human diseases like sand fly fever (Lane, 1993). Sand flies, including
P. papatasi, feed on sugar meals to obtain energy, without which they live only few days after
emergence (Schlein and Jacobson, 1999; Miiller and Schlein, 2004). The sand flies are able to sclect
sugar meals from different sources including plants and aphid honeydew (Cameron et al., 1995,
Miiller and Schlein, 2004, 2005). It was shown that P. papatasi sand flies express o-amylase and
«-glucosidase enzymes (Jacobson and Schlein, 2001). e-amylase activity was demonstrated in the
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salivary glands of the sand fly Lutzomyia longipalpis (Ribeiro et af ., 2000; Cavalcante ef af., 2006). On
the genetic level, ¢-amylase 1s a multi copy gene in some insects (Maczkowiak and Da Lage, 2006);
Drosophila ananassae has seven copies scattered on several chromosomal arms (Da Lage ef al.,
2003), Grossman ef al. (1997) characterized the genomic structure of two ¢-amylase encoding genes
in the Aedes aegypri. In case of sand flies, there is no available information on the ¢-amylase gene
structure and the biological fiinctions of sand fly and Leishmania glycosidases during their interaction
remains an open and interesting field, since regular sugar meal can enhance the number of promastigotes
developing in sand fly’s gut and also the number of parasites egested by infected flies while taking
blood meal (Schlein and Jacobson, 2001). The presence of ¢-amylase and e-glucosidase enzymes
enable P. papatasi to survive by digesting carbohydrates in the form of starch obtained from different
plants (Schlein and Jacobson, 2000; Jacobson ef @f., 2001). This may lead to alter the distribution of
P. papatasi populations in certain habitats. Therefore, the characterization of the genetic variation
among populations of P. papatasi, will pave the way for understanding the relationship between the
distribution of L. major strains, their reservoir hosts and their vectors.

The techniques most widely used for analysis of polymorphisms in sand flies are electrophoretic
analysis of isoenzymes (Ward ef of., 1981, Kassem ef af., 1990, 1999; Fryauff and Hanafi, 1991,
Perrotey er af., 2005), analysis of the internal transcribed spacer 2 (Hamarsheh ef /., 2007) the use of
microsatellite markers (Hamarsheh ef al., 2006) and eyfochrome b gene (Parvizi ef af., 2003; Parvizi and
Ready, 2006).

A polymerase chain reaction based technique known as Random Amplified Polymorphic DNA
(RAPD-PCR) has been used for the identification of sand flies (Adamson ef al., 1993) and
polymorphisms are expressed as the presence or absence of a fragment of a particular size. It has also
been used to investigate DNA polymorphism in L. migonei sand flies originated from three
populations in Brazil and one laboratory colony from Venezuela (Silva, 2000). This technique
produced wuseful genstic information and data generated by this approach have been used for
population studies (Lanzaro and Warburg, 1995). This study discussed the utility of a simple and
reliable PCR technique to characterize different P. papatasi populations originating from different
areas in the West Bank.

MATERIALS AND METHODS

Sand Flies

The sand flies used in this study were collected from 10 sources; two laboratory colonies
and eight field populations, all originating from different locations within the West Bank
(32°00 N, 35° I5E).

Colony Sand Flies

The laboratory colonies (J and A) were already started in 1998 with sand flies collected in houses
of an arid site close to Jericho, 15 km East of Jerusalem. The only difference between J and A colony
is that the flies in the J colony were believed to be inbred; in which male and female P. papatasi
individuals from other populations were introduced to the colony.

Sand fly colonies were reared at the laboratory, newly emerged sand flies were constantly offered
30% sucrose solution and water. For oviposition, female flies were offered a blood meal from an
anaesthetized rabbit. Insectary conditions were 26+1°C, 80% relative humidity and 14:10 h light:dark
photoperiod.

Field Collected Sand Flies

The field-collected sand flies were collected from different sites in the West Bank; Jericho
(31°520N,35°27 0E), Tubas ( 32° 19 17 N, 35° 22 9 E), Yabad (32° 26 42 N, 35°9 57 E), Wadi
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Table 1: P papatasi sample locations and environmental conditions of the study areas in the West Bank
Environmental data

Altitude Mean annual Average maximum Average minirnum
Locations (M) rain fall (mm) temperature (°C) temperature (°C)
Jericho =227 329 38.0 2212
Tubas 406 286.0 271 7.80
Yabad 230 T78.0 271 7.80
Wadi Badan 310 663.6 29.4 7.80
Far'ah 310 663.6 29.4 7.80
Salfit 592 694.0 37.5 1.20
Attil 78 641.0 26.2 15.60
Bagqah 348 570.0 26.2 15.60

Badan (32° 17 50 N, 35°21 0 E), Far'ah (32° 17 60 N, 35°21 0 E), Salfit ( 32° 4 51 N, 35210 34 N),
Attil (32° 23 7N, 35° 7 11 E) and Bagah (32° 12 18 N, 35° 6 56 L), the environmental
characterization of the study areas are shown in Table 1. The collections were carried out by means
of CDC miniature light traps, between May and September in the year 2000. The map locations of the
sand fly origins are shown in Fig. 1. The collected flies were transported live to the laboratory at Al-
Quds University, Jerusalem, Palestine, immobilized using CO, and stored at -70°C before being used
for PCR work.

DNA Extraction

DNA was extracted from individual P. papetasi males and colony originated females by guanidine
thiocvanate method (Boom e af., 1990) with slight modifications. Individual sand flies were ground
dry in 1.5 mL autoclaved and UV radiated microfuge tubes, using micro-pestles (Ependorf, Germany).
Each sample was then suspended in 0.5 mL of 4 M guanidine solution (0.1 M Tris-HCl pH 6.4,
0.02 M EDTA pH 8 and 1.3% Triton X-100) and incubated at 56°C under gentle agitation overnight.
Samples were then boiled for 10 min, centrifuged for 5 min at 15,000 g and the supernatant was
transferred to a new tube. One milliliter of 6 M sodium iodide solution and 10 pIL of suspended silica
beads were added to each tube mixed gently for 5 sec and incubated onice for 1 h. The supernatant was
removed, the pellet was washed twice with 500 pL of ice-cold washing buffer (0.2 M Tris-HCI pH
7.5, 1 M sodium chloride and 20 mM EDTA pH 8), then washed twice with 100% cthyl alcohol and
the pellet was air dried. The DNA was suspended in 100 ulL double distilled sterile water and
incubated at 56°C for 1 h.

PCR Conditions

PCR amplifications were performed in 50 pL reaction volume containing 10 uL (about 50 ng)
genomic DNA, 1.25 U recombinant Tag DNA polymerase (MBI Fermentus), 1 x PCR buffer (750 mM
Tris-HCl pH 8.8 at 25°C, 200 mM (NH,),S0, and 0.1% Tween-20), 4 mM MgCl,, 0.2 mM of
deoxynucleotide mixture and 2 uM of AU 489 (5°-AAGCAGACTTTCATCCT-3") and AL
997 (5°-CAGCTCCATGACCACG-3") primers which were designed to amplify variable parts of
the ¢-amylase gene (Hamarsheh, 2000). The mixtures were overlaid with one drop of mineral oil
(Sigma). Amplification was performed using Personal Thermocyeler (version 2.71be, Biotron) and
programmed as follows: DNA was initially denatured at 95°C for 5 min, followed by anncaling at
52°C for 90 sec, clongation at 72°C for 90 sec, with 44 repeated cvcles and the final extension
time was at 72°C for 10 min.

The PCR product was analyzed on 3% agarose gel stained with ethidium bromide and the DNA
bands were visualized using a UV camera by which the image was photographed, captured and
analyzed using NIH image, National Institute of Health computer graphics.
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Fig. 1: Gegraphical origins of colony and field collection of F. papatasi populations in the West Bank

Data Collection and Analysis

Data were scored as presence or absence of PCR bands in e¢ach genotype. The band presence-
absence matrix was constructed and imported into TreeCon program for Windows, version 1.3b
{(Van de Peer and De Wachter, 1994) which was used to calculate Nei-Li distances (Nei and Li, 1979)
and to display the unweighted pair-group method (UPGMA) dendrogram.

RESULTS

PCR Profiles

The amplification conditions used were chosen to gencrate diserete amplification produets of
different sizes that could be used to differentiate between F. papatasi popul ations.

The banding pattern of male sand flies that came from colony J were different from those from
colony A (Fig. 2,1anes 1 and 2) that originated from the same site. An interesting finding that the PCR
profiles of female sand flies that originated from J colony (Fig. 2, lanes 3-6) were similar to the banding
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Fig. 2: Characterization of different male and female . papatasi sand flies from T and A colonies

pattern of the male profile of A colony. On the other hand females or males P. papatass that eame from
A colony generated similar PCR profiles, the overall amplification patterns expressed in the number
of bands and the molecular weight sizes were identical (data not shown).

The reproducibility of our system was further tested with other P. papatasr individuals
originating from different sites in the West Bank. Significant variations were found among these
populations both in number and sizes of the PCR bands and the variation was evident except for those
from Wadi Badan and Yabad (Fig. 3, lanes 1-2). The variation in the flies from these two villages was
manifested by the lack of the 603 bp band in Yabad population. However, most of the populations
studied showed conserved bands that were common in many populations (band size 234 bp, Fig. 3).
Reactions were also examined using each primer individually. No products were obtained when cither
AU 489 or AL997 were used (data not shown).

Phylogenetic Analysis

The phylogenetic tree generated by UPGMA method showed the existence of two distinet
groups of P. paparast in the studied areas. The dendrogram pointed to a genetic clumping that is
depicted geographically in Fig. 1 and graphically in Fig. 4. The first group represent all individuals
denived from the Jordan Valley except one derived from Tubas, two sub-clusters were identified in this
group; Tubas and Jericho joined together forming minor branch to which the colony derived individuals
(7 and A) were connected to form another minor branch. It was surprising that the Jericho field
individual, which came from the Jordan Valley was distant from the neighboring J and A colony
individuals and found to be close to Tubas individual with genetic distance of 0.2.

The other group represent the other individuals derived from the Northern areas of the West
Bank; Yabad, Wadi Badan and Atiil. In this group, Yabad and Wadi Badan individuals were grouped
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Fig. 3: PCR profiles of eight F. papatasi individual sand flies eollected from different geographical
areas in the West Bank as indicated. Ten mieroliter of DNA from individual sand flies from
different locations was analyzed
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Fig. 4: Unweighted pair-group method dendrogram of F. papatasi sand flies collected from different
geographical areas in the West Bank

together with genetic distance less than 0.2, this actually pointed to the fact that these two populations

are genetically very close. On the other hand, the genetic distance between other field individuals
(Bagah, Fara’h and $alfit) showed high level of divergence and lack prominent clustering.
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DISCUSSION

About 122 species of Phlebotomine sand flies have been identified in the Old World and among
of these, the role of 50 species has been established as vectors of various diseases, particularly
leishmaniasis (Killick-Kendrick, 1990; Lane, 1993). Vector competence and vectorial capacity of many
species still remain to be investigated (Wu and Tesh, 1990; Hanafi ez of., 1998; Aransay et al., 2003).
The vector parasite-relationship in leishmamniasis has not been unraveled in several cases because of the
lack of molecular markers to distinguish between the closely related sand flies (Mukhopadhyay ef /.,
2000; Hamarsheh et al., 2007).

In Drosophila, the ¢-amylase is a multicopy gene of homologous chromosome regions carrying
the standard gene arrangement contain the complete coding sequence. Recently, multigene families
gained considerable attention, since it has been argued that reconstructing phylogeniesof multigene
families is central to understanding the evolutionary meaning of divergence of genes as a result of
physiological adaptation (Araki ef af., 2005).

In this study we present a PCR system that uses primers to amplify ¢-amylase gene sequences
to distinguish between different P. papatasi populations. The PCR profiles yielding five to eight
products were obtained and easily visualized by agarose gel electrophoresis. The banding patterns were
unique for each population and much simpler to analyze than the isoenzyme electrophoresis.

The minor intra-specific differences in the PCR profiles observed between J and A colonies
(Fig. 2, lanes 1 and 2) that were originated from the same site is related to the fact that the sand fly
individuals in J colony was inbred in which both male and female P. papatasi sand flies from other
populations were introduced to the colony in early generations (personal communication with
Dr. R. Jacobson, the founder of the colony). These minor variations in the banding pattern between
A and J seemed to be restricted to the males of the J colony rather than to the females of the same
colony. This conclusion was drawn when high similarity was generated between the banding patterns
of different females from J colony and the banding pattern of a male from A colony. Although there
is no molecular evidence that could prove this conclusion in sand flies, Steinemann and Steinemann
(1999) provide an explanation for the presence of an amylase gene cluster on the evolving sex
chromosomes of Drosophila miranda.

On the other hand the presence of minor differences in the PCR profiles between A and J colonies
indicate the specificity of the primers used to detect these minor differences even after several
generations of colonization.

Present study confirms the presence of genstic differences among different local populations of
P. papatasi, which has been never reported before for this widely distributed species. The variation
between the Jordan Valley colonies (A and J) and the neighboring Jericho population is probably due
to local structuring of P. paparasi populations in this area. This result is in congruence with studies
carried on L. major; the Leishmania species usually transmitted by P. papatasi vector, where two
genetically isolated groups were found to co-exist in the same territory in the Middle East as shown
by different genetic markers (Elfan et @/, 2005). Tubas was grouped with Jericho individual
rather than with the other Northern West Bank individuals, this probably related to the fact that
Tubas area is located on an edge close to the Jordan Valley which is considered as wide low territory
extending from the North to the South, itis almost dry area but vegetation increased by moving
from South to the North.

FP. papatasi sand flies that were collected from Yabad and Wadi Badan grouped in the UPGMA
tree in a paraphyletic arrangement despite the large geographical distance between the two localities.
This might reflect that these populations are very closely related. Migration of sand flies between these
areas was not likely since sand flies were unable to migrate for longer distances, conversely, human
aided transportation of sand flies or even sand fly larvae were not excluded in high agricultural activity
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areas. On the other hand, Bagah, Fara’h and Salfit individuals failed to group with other individuals in
the tree and therefore did not show any significant structuring. This might be that these individuals
were genetically variable and not significantly characterized at this level using this marker. Other
genctic markers for P. papatasi may be needed to characterize individuals of these populations.

The high level of variation among P. papatasi populations manifested by different PCR profiles
is consistent with studies carried by Hamarsheh et af. (2006), Kassem ef of. (1993) and Ghosh er al.
(1999), in which microsatellite markers and isoenzyme electrophoresis were used to detect
polymorphisms in a group of P. papatasi sand flies derived from different populations in Egypt and
Palestine respectively, these studies showed high rates of variation between Egyptian and Palestinian
populations.

These data and the results of this study are in contrast to studies carried by Esseghir ef al.
(1997, who sequenced a mitochondrial DNA fragment (cytochrome b). They scored low levels of
genetic variation among P. papatasi populations that came from different countries. This contrast
probably related to the fact that mitochondrial DN A usually has maternal and nonrecombining mode
of inheritance. The PCR system used here is characterized by high reproducibility among PCR assays
made with the same individual and among individual members of the same population.

PCR-based methods are more robust than methods reliant on functional proteins and
conveniently, specimens for PCR analysis can be preserved in alcohol, dried or frozen at -20°C.
Methods that depend on assaying and measuring migration of iscenzymes require unbroken cold chains
to prevent the degradation of enzymes.

Therefore, this PCR system may provide an accurate and simple method for detecting genetic
variation among certain P. papatasi populations; it may provide more information on population
structures. Tt is necessary to point out that a more extensive study using samples of wider geographical
areas and evaluating the capacity of P. papatasi samples from each population to enhance Leishimania
infection, is necessary to get more information on the structure of P. papatasi populations in Palestine.
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