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ABSTRACT

Background & objectives: Leishmaniasis is a geographically widespread severe disease which includes visceral
leishmaniasis (VL) and cutaneous leishmaniasis (CL). There are 350 million people at risk in over 80 countries.
In the Old World, CL is usually caused by Leishmania major, L. tropica, and L. aetiopica complex of which 90%
of cases occur in Afghanistan, Algeria, Iran, Iraq, Saudi Arabia, Syria, Brazil and Peru.  Recently, Eslami et al
(2011) reported a novel TRYP6 gene encoding tryparedoxin peroxidase from an Iranian L. major strain exhibiting
homology with the related gene in a divergent genus of Kinetoplastida, the Crithidia. This prompted us to
analyze the mentioned gene in 100 isolates obtained from patients with suspected CL. Consequently, we analyzed
internal transcribed spacer 1 (ITS1) region, RNA polymerase II largest subunit (RPOIILS) and the mitochondrial
DNA polymerase beta (DPOLB).

Methods: After obtaining samples from 100 patients, DNA extraction was performed and TRYP6 was analyzed
using conventional PCR. All samples harbouring TRYP6 with smaller size (555 bp) were analysed based on
three other regions: ITS1, RPOIILS and DPOLB genes.

Results: Results showed that 10% of the isolates have the same character as observed in our previous study. The
ITS1-RFLP-PCR of this 10% isolates showed their similarity to the one from Crithidia fasciculata. RNA
polymerase II largest subunit (RPOIILS) showed genetic diversity but the mitochondrial DNA polymerase beta
(DPOLB) did not show any genetic diversity.

Conclusion: This study might also help in solving the problems concerning Leishmaniasis outbreaks currently
reported in Iran and some other endemic regions of the world.
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INTRODUCTION

The leishmaniases are the worldwide severe diseases
with an increasing incidence likely because of the popula-
tion migration or travel into endemic areas, the movement
of infected people into non-endemic regions, the global
warming and the other environmental factors1,2. Leishma-
niasis caused by more than 20 species of Leishmania is a
geographically widespread severe disease, which include
visceral leishmaniasis (VL), cutaneous leishmaniasis (CL),
and mucocutaneous leishmaniasis3,4. The increasing inci-
dence of 0.5 million cases of VL and 1.5 million cases of
CL and 350 million people at risk in over 80 countries1,3,
creates great concern regarding this infection. Cutaneous
leishmaniasis is usually caused by Leishmania mexicana
and L. braziliensis complex in the New World and by L.
major, L. tropica, and L. aetiopica complex in the Old
World, however, 90% of the cases occur in Afghanistan,
Algeria, Iran, Iraq, Saudi Arabia, Syria, Brazil, and Peru5.

In Iran, the most prevalent CL is a zoonotic which
caused by L. major and is endemic in the north, north-

eastern, west, south-western and central parts of Iran6–8.
One of the important hyper-endemic foci in Iran is Isfahan.

Zoonotic cutaneous leishmaniasis (ZCL) is a poly-
morphic disease ranging from asymptomatic infection to
benign self-limited cutaneous sore or to more protracted
and extensive lesion. This clinical polymorphism may re-
flect variability either in the host immune response or in
the parasite diversity. It is thought that this diversity re-
sulted from gradual accumulation of divergent mutations,
sexual recombination9–11, genetic exchange and hybrid-
ization12,13.

Recently, Eslami et al14 reported that TRYP6 encod-
ing tryparedoxin peroxidase from an Iranian L. major
strain exhibiting homology with the related gene in a di-
vergent genus of Kinetoplastida, the Crithidia. This
prompted us to analyze the mentioned gene in 100 isolates
obtained from patients with suspected CL. Consequently,
analysis of internal transcribed spacer 1 (ITS1) region and
two important genes named RNA polymerase II largest
subunit (RPOIILS) and the mitochondrial DNA polymerase
beta (DPOLB), encoding critical biologic functional pro-
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teins in kinetoplastida were performed. RPOIILS
(LmjF31.2610) and DPOLB (LmjF08.0890) genes present
on chromosomes 31 and 8, respectively.  This study might
also help in solving the problems concerning leishmania-
sis outbreaks currently facing in Iran and some other en-
demic regions of the world.

MATERIAL & METHODS

Sampling and DNA extraction
The samples were obtained from 100 patients with

suspected  CL from Isfahan, Iran between September 2009
and December 2010. This study was approved by the Ethi-
cal Committee of Shahid Sadoughi University of Medical
Sciences and the Ethical Review Committee of the Isfahan
University of Medical Sciences, Isfahan, Iran.

Sampling from patient lesions, staining tissue smears
with Wright’s Giemsa stain and culturing parasites were
performed based on the recent study15.  The specimens
were extracted using either the DNA extraction kit (Roche
#11796828001) or method described by Eslami et al14.
The extracted DNA sample was quantified using spectro-
photometer and analyzed by agarose gel electrophoresis.

PCR amplification and analysis of TRYP6
The complete coding region of TRYP6 gene was am-

plified as described previously14 (Table 1). PCR amplifi-
cation was performed using PCR master mix containing
10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl2,
0.2 mM each dNTPs, 20 pmol of each primer and 0.5 unit
of Taq polymerase (Fermentas). Thermal cycling was
applied as described in Table 1. The PCR products were
analyzed by agarose gel electrophoresis.

PCR amplification and analysis of ITS1
Small subunit (SSU) ribosomal RNA (rRNA) and

5.8S rRNA regions that are related to ribosomal ITS1 were
amplified using the specific primers16–19 (Table 1). Am-
plification of the DNA was performed in a 50 l reaction
composed of 0.2 mM deoxyribonucleotide triphosphates
(dNTPs) mix, 1.5 mM MgCl2, 1U of Taq DNA polymerase
(Fermentas), 10 pmol of each primer, and 100 ng of DNA
from culture isolates. Amplification stages were applied
as shown in Table 1. The PCR products were analyzed on
a 1% agarose gel containing ethidium bromide.

PCR amplification and analysis of RPOIILS
RPOIILS coding sequence of L. major was retrieved

from the GenBank database, aligned and used to design
primers by Primer3 software. The primers used in this
study are present in Table 1. For this study, a partial se-
quence with 252 bp of the coding region of RPOIILS was
amplified in a 50 l reaction composed of 0.2 mM deox-
yribonucleotide triphosphates (dNTPs) mix, 1.5 mM
MgCl2, 1U of Taq DNA polymerase (Fermentas), 10 pmol
of each primer, and 100 ng of DNA from culture isolates.
Amplification stages are as shown in Table 1. The PCR
products were analyzed on a 1% agarose gel containing
ethidium bromide. The PCR products were subjected to
AvaII and BamHI digestion for Crithidia and L. major
identification based on standard sequences in databases.

PCR amplification and analysis of DPOLB
Similarly, primers were designed for DNA polymerase

beta (LmjF08.0890) with product size of 845 bp. The prim-
ers used in this study are present in Table 1. Amplifica-
tion of the DNA was performed in a 50 l reaction com-

Table 1. Primers and PCR conditions used in this study

Gene name Primers PCR condition

TRYP6 Forward: ATGTCCTGCGGTAACGCCAAG Initial denaturation at 94°C for 5 min, 30 cycles with 94°C for
45 sec, 63°C for 45 sec and 72°C for 45 sec and a final elonga-

Reverse: TTACTTGTTGTGGTCGACCTTCATGC tion at 72°C for 5 min.

ITS1 LITSr: CTGGATCATTTTCCGATG Initial denaturation at 95°C for 5 min, 40 cycles with 95°C for
30 sec, 50°C for 30 sec, and 72°C for 30 sec and a final

L5.8s: TGATACCACTTATCGCACTT elongation at 72°C for 5 min.

RPOIILS Forward: CATCCTCGTCGACACCATG Initial denaturation at 95°C for 5 min, 30 cycles of 95°C for 45
sec, 55°C for 45 sec, and 72°C for 45 sec and a final elongation

Reverse: CTGCAGCTTGCTCATGTCA at 72°C for 5 min.

DPOLB Forward: GAACATCATCCGCATCTTCC Initial denaturation at 95°C for 5 min, 30 cycles of 95°C for
60 sec, 58°C for 60 sec, and 72°C for 60 sec and a final

Reverse: CGTTGAAGTTCTTGCTGCC elongation at 72°C for 5 min.



 J Vector Borne Dis 49, September 2012170

posed of 0.2 mM deoxyribonucleotide triphosphates
(dNTPs) mix, 1.5 mM MgCl2, 1U of Taq DNA polymerase
(Fermentas), 10 pmol of each primer, and 100 ng of DNA
from culture isolates. Amplification stages were done as
Table 1. Initial denaturation was performed at 95°C for
5 min, followed by 30 cycles of 95°C for 60 sec, 58°C for
60 sec, and 72°C for 60 sec, with a final elongation at
72°C for 5 min. The PCR products were analyzed on a
1% agarose gel containing ethidium bromide. AvaII di-
gestion of the products was used for typing. Based on the
sequences present in databases, fragments with length of
474, 237 and 134 bp determined L. major and fragments
with length of 134, 170 and 541 bp would be revealed this
gene identity with Crithidia.

RESULTS

Amplification and analysis of TRYP6
Analysis of the TRYP6-PCR products was performed

on 100 isolates obtained from patients suspected with CL.
We clustered the results obtained by PCR amplification
of TRYP6 in two patterns: the isolates harboring TRYP6
with 555 bp in length named TRYP-A group and the iso-
lates harboring TRYP6 with 600 bp in length named TRYP-
B group. TRYP6-A was found in just 10 isolates. After
sequencing of an isolate from each group, BLAST analy-
sis indicated TRYP6-A group has 97% identity with TRYP
gene from Crithidia fasciculata and 82% identity with L.
major. The isolates in TRYP6-A group were selected and
analyzed based on ITS1, RPOIILS and DPOLB genes.

Amplification and analysis of ITS1
Analysis of ITS1-RFLP-PCR was performed on TRYP-

A group. This analysis showed that all the isolates in this

group exhibited ITS1 region with 450 bp in length which
after digestion, they showed 310 and 240 bp fragments
(data not shown).

Amplification and analysis of RPOIILS
Analysis of the RPOIILS-PCR products revealed iden-

tical PCR products with 250 bp in length in all the iso-

Fig. 1: Agarose gel electrophoresis of PCR products of the RPOIILS gene in all strains used in
this study (lanes 1 to 10); lane 11: 100 bp DNA ladder.

Table 2. Isolates with tryparedoxin peroxidase gene with
> 90% similarity with Crithidia

No. Strain RPOIILS gene DPOLB gene

BamHI AvaII AvaII

1 EUM15 Pattern A Pattern B Pattern A
2 EUM21 Pattern B Pattern B Pattern A
3 EUM36 Pattern B Pattern B Pattern A
4 EUM43 Pattern B Pattern A Pattern A
5 EUM52 Pattern B Pattern A Pattern A
6 EUM76 Pattern A Pattern C Pattern A
7 EUM41 Pattern B Pattern A Pattern A
8 EUM92 Pattern B Pattern A Pattern A
9 EUM35 Pattern B Pattern A Pattern A
10 EUM66 Pattern B Pattern A Pattern A

EUM: Esfahan University of Medical Sciences (Esfahan); RPOIILS
gene: RNA polymerase II largest subunit gene, RFLP analysis with
BamHI showed two patterns A and B. Pattern A: Based on the se-
quences from databases, the fragments of 100 and 152 bp in length,
similar to the related gene in L. major; Pattern B: no digestion. RFLP
analysis with AvaII showed three patterns, A, B and C. Pattern A:
the fragments of 100 and 152 bp in length, similar to the related gene
in Crithidia; Pattern B: the fragments of 82 and 170bp in length,
similar to the related gene in L. major; Pattern C: the fragments of
82, 100, 152 and 170 bp in length (comprising two pattern A and B);
DPOLB gene: mitochondrial DNA polymerase beta gene. RFLP analy-
sis of this gene with AvaII showed just one pattern A with 134, 237
and 474 bp fragments, similar to L. major.
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lates with TRYP6-PCR patterns A and C (Fig. 1). Diges-
tion with BamHI showed two patterns, RPOIILS-BamHI
pattern A with 98 and 150 bp fragments and RPOIILS-
BamHI pattern B without digestion. Two isolates showed
RPOIILS-BamHI pattern A and remaining showed
RPOIILS-BamHI pattern B (Table 2, Figs. 2 and 3). Also,
the isolates with TRYP6-PCR pattern A and TRYP6-PCR
pattern C were digested with AvaII which elicit three pat-
terns, RPOIILS-AvaII pattern A with 98 & 150 bp frag-
ments and RPOIILS-AvaII pattern B with 82 & 170 bp frag-
ments and RPOIILS-AvaII pattern C with 82, 98, 150 &
170 bp fragments. Isolate EUM92 showed RPOIILS-AvaII
pattern A, EUM76 showed RPOIILS-AvaII pattern C and
remaining showed RPOIILS-AvaII pattern B (Table 2;

Figs. 2 and 3). Two isolates produced an additional undi-
gested 250 bp fragment too.

Amplification and analysis DPOLB
RFLP analysis of the DPOLB-PCR products in par-

allel with RPOILLS was performed on all the isolates with
TRYP6-PCR patterns A & C. PCR products in these iso-
lates determined identical size of 845 bp (Fig. 4). AvaII
digestion revealed identical digestion patterns for all iso-
lates with 474, 237 and 134 bp which were predicted as
DPOLB gene from L. major. All other isolates excluding
EUM15, EUM41 and EUM92, produced an undigested
845 bp fragment as well (Fig. 2).

As DPOLB genes in all the isolates in this study were

Fig. 2: Agarose gel electrophoresis of some isolates after digestion with AvaII for RFLP-
DPOLB and with either AvaII or BamHI for RFLP-RPOIILS analysis. Lane (1): 100
bp DNA ladder; Lanes (2, 3, 5, 6, 10, 11, 12, 14): RFLP-DPOLB analysis with AvaII
(EUM92, EUM76, EUM41, EUM43, EUM21, Cr. fasciculata, EUM52,  EUM35,
respectively); Lanes (4, 7, 8, 13): RFLP-RPOIILS analysis with AvaII (EUM36,
EUM21,  EUM15, Leishmania major respectively); Lanes (9, 15, 16, 17, 18): RFLP-
RPOIILS analysis with BamHI (L. major, EUM36, EUM15, EUM76, EUM21, re-
spectively).

Fig. 3: Acrylamide-Polyacrylamide gel electrophoresis of some strains; Lanes (1, 4, 5, 13, 14, 15, 16, 17): RFLP-RPOIILS
analysis with BamHI (EUM52, EUM41, EUM66, Cr. fasciculate, EUM36, EUM21, EUM76, EUM15, respectively);
Lanes (2, 3, 6, 7, 8, 9, 10, 11): RFLP-RPOIILS analysis with AvaII (EUM52, EUM41, EUM66, Cr. fasciculate,
EUM36, EUM21, EUM76, EUM15, respectively); Lanes (12, 18): 100 bp DNA ladder.
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identical, we decided to sub-group isolates based on either
RPOIILS-AvaII or RPOIILS-BamHI analysis. Therefore,
those were divided into four sub-groups: isolates with
RPOIILS-AvaII pattern A and RPOIILS-BamHI pattern B,
isolates with RPOIILS-AvaII pattern B and RPOIILS-
BamHI pattern A, isolates with RPOIILS-AvaII pattern B
and RPOIILS-BamHI pattern B, isolates with RPOIILS-
AvaII pattern C and RPOIILS-BamHI pattern A (Table 2).

DISCUSSION

In this study, gene analyses were performed directly
on infected clinical samples, as patients’ tissue aspirates,
from 100 patients inhabitant of Isfahan, a highly endemic
region in Iran20.  Results showed a genetic heterogeneity
of TRYP6 gene among isolates used in this study. TRYP6-
PCR analysis showed 10 isolates with TRYP6-PCR pat-
tern A, and the remaining with TRYP6-PCR profile B
(Table 2). The last group showed homology with L. ma-
jor, therefore, we decided to analyze all the isolates present
in TRYP6-PCR profile A which showed homology with
the mentioned gene in Crithidia14 based on ITS1, RPOIILS
and DPOLB.

ITS1 analysis showed the same results like the recent
study by Doudi et al21. As their proof, ITS1 in our inter-
ested isolates have 450 bp fragment after amplification
and 240 and 310 bp fragments after restriction digestion
with HaeIII. Molecular analysis by BLAST software
showed that the selected sequence had a close similarity
with 97% Cr. fasciculata, and 90% Cr. luciliae, and a
similarity of 40% with L. infantum (MCAN/IR/97/
LON49).

DPOLB-PCR-RFLP with AvaII showed unique pat-
tern A with 474, 237 and 134 bp fragments (Fig. 2), fur-
ther analysis verified ITS homology with one in L. major.
As shown in the results, the RFLP technique detected more
variation in the RPOIILS gene. RPOIILS-PCR-RFLP with

BamHI showed two patterns A and B. Pattern A with 152
and 98 bp fragments could verify ITS homology with the
mentioned gene in Cr. fasciculata, while in pattern B, frag-
ments remained undigested. The results showed two iso-
lates with RPOIILS-PCR-RFLP-BamHI pattern A and
remaining with RPOIILS-PCR-RFLP-BamHI pattern B.
On the other hand, the isolates in the former pattern pro-
duced an undigested 250 bp fragment following digestion
with BamHI. This finding could be indicative of heterozy-
gosity. It is speculated that as this gene being a house-
keeping gene, therefore, it is assumed that it would be dip-
loid22,23.

RPOIILS-PCR-RFLP with AvaII resulted in three
patterns A, B and C. Six isolates showed RPOIILS-PCR-
RFLP-AvaII pattern A, three isolates showed RPOIILS-
PCR-RFLP-AvaII pattern B and one isolate showed
RPOIILS-PCR-RFLP-AvaII pattern C. Since we could not
present any interpretation for the base on the original se-
quence accessible through GenBank, therefore, we decided
to select one of the isolates from this group for sequence
evaluation. BLAST analysis revealed ITS homology with
RPOIILS from L. major with a transverse   mutation of
GT, creating a restriction site for AvaII. Isolates with
RPOIILS-PCR-RFLP-AvaII pattern A were indistinguish-
able from the other strains of L. major. Our genetic analy-
sis queries the mentioned gene is separate from L. major
Friedlin and closely to the mentioned gene from Crithidia.

One isolate with RPOIILS-PCR-RFLP-AvaII pattern
C demonstrated two forms of the mentioned gene, one iden-
tical with L. major and one related to Crithidia. There-
fore, this isolate possessing three forms of this gene as
digestion with BamHI produced patterns similar to L.
major and digestion with AvaII resulted in two patterns
with similarity to L. major and Crithidia. Performing
double digestion using both the enzymes resulted in an
additional fragment of 250 bp. The report from an experi-
mental cross of Trypanosoma brucei rhodesiense 058 and

Fig. 4: Agarose gel electrophoresis of the PCR products from DPOLB gene. Lanes 1–10:
Strains used in this study; Lane 11: 100 bp DNA ladder.



 173Eslami et al: Identification of Leishmania major

T.b. brucei 196 showed two of the hybrid clones to have
DNA contents about 1.5 times of parental values. Mo-
lecular karyotyping used to further proving what they have
obtained by RFLP in taking place the trisomy events of
some chromosomes through evaluation of some genes like
phosphoglycerate kinase, tubulin and phospholipase C
genes on different chromosomes.  They proposed that these
chromosomes appear prone to substantial size alterations
associated with genetic exchange24,25. There are also some
evidences for aneuploidy via nuclear hybridization in
Leishmania and genetic hybridization in T. cruzi13, 26, 27.

To our knowledge, this is the first report of genetic
hybridization between two different genuses Leishmania
and Crithidia that are so distant phylogenetically and epi-
demiologically. In the New World, more evidences for hy-
bridization events have been brought28,29. The hypothesis
that certain Leishmania genotypes correspond to hybrid
genotypes between different species has been first pro-
posed by Evans et al in the Old World30.

Ravel et al11 stated that hybridization between two
divergent species, L. infantum and L. major is a natural
hybrids taking place inside the mammalian hosts. On the
other hand, Akopyants et al27 proposed that hybridization
events between these two genuses may occur in insect gut.
We believe that since close association is an obvious pre-
requisite for genetic exchange, and the infection of host
fly of Leishmania by Crithidia, so their coexistence in-
side the insect gut, could prompt the genetic exchange to
take place probably through meiosis as it is evident in T.
brucei24. Moreover, cell fusion probably occurs in the
sandfly vector. Leishmania can undergo genetic exchange
during growth and development in the sand fly vector and
can transmit infectious stage hybrids progeny to a mam-
malian host27. The finding Leishmania hybrids’ ability to
develop in Phlebotomus papatasi may have important epi-
demiological implications. It is a peridomestic and anthro-
pophilic sand fly, reaching high densities in many places.
This suggests that in nature, hybrid isolates may circulate
by using this sand fly vector, thereby increasing the risk
of their spreading into new foci throughout the broad range
of P. papatasi distribution.

It is considered that hybridization might repair double-
strand DNA damage and, therefore, could be a consequence
of either a better adaptation of these hybrid isolates to
their host environments such as temperature, pH and many
other parameters, or a resistance to drugs or to immune
response, or even to both which could influence the host
response and thus the outcome of infection, and therefore,
will be involved in the biology of the host-parasite rela-
tionship. Sexual recombination is conventionally believed
to play a major role in organism adaptive evolution. There-

fore, one might expect such an event to occur in parasites,
such as Leishmania spp, to ensure their fitness for sur-
vival in varying environments.

Potentially, these hybrids might arose from rare mat-
ing events, yielding offspring with a strong selective ad-
vantage, and suggested by the clonal propagation of an
emergent hybrid mucosal strain in Peru10.

CONCLUSION

Finally, the PCR-RFLP approaches used in this study
detected a genetic variation of RPOIILS gene among dif-
ferent isolates of the species L. major, therefore, this gene
could be used for genotyping of L. major at least in one of
the hyper endemic foci like Isfahan.

ACKNOWLEDGEMENTS

This work was performed in Shahid Sadoughi Uni-
versity of Medical Sciences, Yazd and Isfahan University
of Medical Sciences, Isfahan, Iran. We are grateful to the
members of the Department of Parasitology, Shahid
Sadoughi University of Medical Sciences, Yazd and the
Department of Genetics and Molecular Biology, Isfahan
University of Medical Sciences, Isfahan, Iran.

REFERENCES

1. Dujardin JC. Risk factors in the spread of leishmaniases: To-
wards integrated monitoring? Trends Parasitol 2006; 22(1): 4–6.

2. Desjeux P. Leishmaniasis. Nat Rev Microbiol 2004; 2(9): 692.
3. Desjeux P. The increase in risk factors for leishmaniasis world-

wide. Trans R Soc Trop Med Hyg 2001; 95(3): 239–43.
4. Herwaldt BL. Leishmaniasis. Lancet 1999; 354(9185):

1191–9.
5. http://www.cdc.gov/ncidod/dpd/parasites/leishmania/

factsht_leishmania.htm
6. Nadim A, Faghih M. The epidemiology of cutaneous leishma-

niasis in the Isfahan province of Iran. I—The reservoir.  II—
The human disease. Trans R Soc Trop Med Hyg 1968; 62(4):
534–42.

7. Nadim A, Mesghali A, Seyedi-Rashti MA. Epidemiology of
cutaneous leishmaniasis in Iran: B. Khorassan Part IV: Distri-
bution of sandflies. Bull Soc Pathol Exot Filiales 1971; 64(6):
865–70.

8. Javadian E, Nadim A, Tahvildare-Bidruni G, Assefi V. Epide-
miology of cutaneous leishmaniasis in Iran: B. Khorassan Part
V: Report on a focus of zoonotic cutaneous leishmaniasis in
Esferayen. Bull Soc Pathol Exot Filiales 1976; 69(2): 140–3.

9. Kelly JM, Law JM, Chapman CJ, Van Eys GJ, Evans DA. Evi-
dence of genetic recombination in Leishmania. Mol Biochem
Parasitol 1991; 46(2): 253–63.

10. Nolder D, Roncal N, Davies CR, Llanos-Cuentas A, Miles MA.
Multiple hybrid genotypes of Leishmania (viannia) in a focus of
mucocutaneous leishmaniasis. Am J Trop Med Hyg 2007; 76(3):



 J Vector Borne Dis 49, September 2012174

573–8.
11. Ravel C, Cortes S, Pratlong F, Morio F, Dedet JP, Campino L.

First report of genetic hybrids between two very divergent Leish-
mania species: Leishmania infantum and Leishmania major. Int
J Parasitol 2006; 36(13): 1383–8.

12. Jenni L, Marti S, Schweizer J, Betschart B, Le Page RW, Wells
JM, Tait A, Paindavoine P, Pays E, Steinert M. Hybrid forma-
tion between African trypanosomes during cyclical transmis-
sion. Nature 1986; 322(6075): 173–5.

13. Gaunt MW, Yeo M, Frame IA, Stothard JR, Carrasco HJ, Tay-
lor MC, Mena SS, Veazey P, Miles GA, Acosta N, de Arias
AR, Miles MA. Mechanism of genetic exchange in American
trypanosomes. Nature 2003; 421(6926): 936–9.

14. Eslami G, Frikha F, Salehi R, Khamesipour A, Hejazi H,
Nilforoushzadeh MA. Cloning, expression and dynamic simu-
lation of TRYP6 from Leishmania major (MRHO/IR/75/ER).
Mol Biol Rep 2011; 38(6): 3765–76.

15. Bensoussan E, Nasereddin A, Jonas F, Schnur LF, Jaffe CL.
Comparison of PCR assays for diagnosis of cutaneous leishma-
niasis. J Clin Microbiol 2006; 44: 1435–9.

16. Davila AMR, Momen H. Internal-transcribed-spacer (ITS) se-
quences used to explore phylogenetic relationships within Leish-
mania. Ann Trop Med Parasitol 2000; 94: 651–4.

17. Kazemi-Rad E, Mohebali M, Hajjaran H, et al. Diagnosis and
Characterization of Leishmania species in Giemsa-Stained slides
by PCR-RFLP. Iranian J Public Health 2008; 37: 54–60.

18. Mohebali M, Edrissian GhH, Nadim A, Hajjaran H, Akhoundi
B, Hooshmand B, et al. Application of direct agglutination test
(DAT) for the diagnosis and seroepidemiological studies of vis-
ceral leishmaniasis in Iran. Iranian J Parasitol 2006; 1: 15–25.

19. Schonian G, Nasereddin A, Dinse N, Schweynoch C, Schallig
HD, Presber W, Jaffe CL. PCR diagnosis and characterization
of Leishmania in local and imported clinical samples. Diagn
Microbiol Infect Dis 2003; 47: 349–58.

20. El Tai NO, Osman OF, El Fari M, Presber W, Schönian G.
Genetic heterogeneity of ribosomal internal transcribed spacer in
clinical samples of Leishmania donovani spotted on filter paper
as revealed by single-strand conformation polymorphisms and
sequencing. Trans R Soc Trop Med Hyg 2000; 94(5): 575–9.

21. Doudi M, Hejazi SH, Razavi MR, Narimani M, Khanjani S,
Eslami G. Comparative molecular epidemiology of Leishmania
major and Leishmania tropica by PCR-RFLP technique in hyper-
endemic cities of Isfahan and Bam, Iran. Med Sci Monit 2010;
16(11): CR530–5.

22. Iovannisci DM, Beverley SM. Structural alterations of chromo-
some 2 in Leishmania major as evidence for diploidy, including
spontaneous amplification of the mini-exon array. Mol Biochem
Parasitol 1989; 34(2): 177–88.

23. Iovannisci DM, Goebel D, Allen K, Kaur K, Ullman B. Genetic
analysis of adenine metabolism in Leishmania donovani
promastigotes. Evidence for diploidy at the adenine phosphori-
bosyltransferase locus. J Biol Chem 1984; 259(23): 14617–23.

24. Gibson W, Garside L, Bailey M. Trisomy and chromosome size
changes in hybrid trypanosomes from a genetic cross between
Trypanosoma brucei rhodesiense and T.b. brucei. Mol Biochem
Parasitol 1992; 51(2): 189–99.

25. Hope M, MacLeod A, Leech V, Melville S, Sasse J, Tait A,
Turner CM. Analysis of ploidy (in megabase chromosomes) in
Trypanosoma brucei after genetic exchange. Mol Biochem
Parasitol 1999; 104(1): 1–9.

26. Cruz AK, Titus R, Beverley SM. Plasticity in chromosome num-
ber and testing of essential genes in Leishmania by targeting.
Proc Natl Acad Sci USA 1993; 90 (4): 1599–603.

27. Akopyants NS, Kimblin N, Secundino N, Patrick R, Peters N,
Lawyer P, et al. Demonstration of genetic exchange during cy-
clical development of Leishmania in the sandfly vector. Science
2009; 324(5924): 265–8.

28. Banuls AL, Guerrini F, Le Pont F, Barrera C, Espinel I, Guderian
R, et al. Evidence for hybridization by multilocus enzyme elec-
trophoresis and random amplifed polymorphic DNA between
Leishmania braziliensis and Leishmania panamensis/guyanensis
in Ecuador. J Euk Microbiol 1997; 44: 408–11.

29. Darce M, Moran J, Palacios X, Belli A, Gomez-Urcuyo F,
Zamora D, et al. Etiology of human cutaneous leishmaniasis in
Nicaragua. Trans R Soc Trop Med Hyg 1991; 85: 58–9.

30. Evans DA, Kennedy WPK, Elbihari S, Chapman CJ, Smith V,
Peters W. Hybrid formation within the genus Leishmania?
Parassitologia 1978; 29: 165–73.

Correspondence to:  Dr Gilda Eslami, Department of Parasitology and Mycology, Shahid Sadoughi University of Medical  Sciences,
Yazd, Iran.
E-mail: eslami_g2000@yahoo.com

Received: 15 May 2012 Accepted in revised form: 27 July 2012


