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Phylogenetic analysis based on ITS1 gene of Leishmania

lineage: Meta-analysis using in-silico techniques
Dilek GULDEMIR! (ID), Banucicek YUCESAN2
ABSTRACT OZET
Objective: Leishmaniasis is a parasitic disease Amag: Leishmaniasis, 20’den fazla Leishmania

caused by more than 20 Leishmania species. This disease
is spread by vectors. Many researchers agree that
Leishmania was spread to mammals by sandflies of the
genus Phlebotomus and Lutzomyia. Leishmaniasis is still
considered one of the most neglected diseases by the
World Health Organization (WHO). An estimated 0.7-1
million new cases of leishmaniasis are reported annually
from approximately 100 endemic countries. The types of
leishmaniasis in humans are the visceral (VL), cutaneous
(CL), mucocutaneous (MCL), diffuse cutaneous (DCL),
and post kala-azar dermal (PKDL) forms of Leishmaniasis.
The aim of this study is to perform phylogenetic analysis
of Leishmania origin based on ITS1 gene region using in-
silico techniques. In this way, it is also aimed to take a
snapshot of a meta-analysis of vertical and horizontal

spread at the global level.

Methods:
sequences presented with the GenBank data of the

In this study, Leishmania ITS1 region

National Center for Biotechnology Information, USA,
(NCBI) until 15.05.2019 were taken and analyzed by
in-silico techniques. 914 sequences were obtained for
the Leishmania ITS1 region in the NCBI database. All

tird tarafindan olusturulan paraziter bir hastaliktir.
Bu hastalik vektorler tarafindan yayilmaktadir. Bircok
arastirmaci, Leishmania’mn memelilere Phlebotomus
ve Lutzomyia cinsi tatarcik sinekleri tarafindan yayildigi
konusunda hemfikirdir. Leishmaniasis, halen Diinya
Saglik Orgiitii (WHO) tarafindan en cok ihmal edilen
hastaliklardan biri olarak kabul edilmektedir. Yaklasik
100 endemik iilkeden yilda tahmini 0.7-1 milyon yeni
bildirilmektedir.
leishmaniasis tirleri, Leishmaniasis’in visseral
(Cb), (MCL),

(DCL) ve post kala-azar dermal (PKDL) formlandir.

insanlardaki
(VL),

diffiiz  kutanoz

leishmaniasis  vakasi

kutanoz mukokutantz

Bu calismanin amaci, in-silico teknikler kullanilarak
ITS1

filogenetik analizini gerceklestirmektir. Bu yolla, kiresel

Leishmania kokeninin gen bolgesine dayali
dizeyde vertikal ve horizontal yayiimin meta-analizi ile

anlik bir goriintli almak da amaclanmistir.

Yontem: Bu calisma ile 15.05.2019 tarihine kadar
National Center for Biotechnology Information, USA,
(NCBI) GenBank verileri ile sunulan Leishmania ITS1
bolge sekanslari alinarak in-silico tekniklerle analiz

edilmistir. NCBI veritabaninda Leishmania ITS1 bolgesi
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sequences were examined and sequences without indel
problems were selected from these strains mapped
according to the consensus sequence. It was decided
to form a phylogenetic tree with the forms that were
examined and 65 strains were obtained by removing the

sub-branches.

Results: The phylogenetic tree obtained in this study
showed that Leishmania strains clustered in six branches
according to the ITS1 region. Here, a phylogenetic
tree is drawn and the molecular epidemiological
and demographic data of these six generations and
beyond, which are obtained as a result of the genetic

relationships between the strains, are summarized.

Conclusion: In conclusion, Leishmaniasis is an
important public health problem that can be seen in
many developing countries. In this study, the strains
examined using the in-silico method were isolated
from different geographies of the world between 1984
and 2018. The phylogenetic relationships between
these strains show not only the vertical spread of the
origins over the years, but also the horizontal spread
geographically. These species were obtained from
different host and tissue types. Thus, the relationships
of Leishmania strains in the host-vector-reservoir chain
are explained. Therefore, it is clear that there is a need
for more meta-analysis studies such as this study on

factors and their diffusion.

Key Words: Leishmania, ITS1 gene, in silico meta-

analysis, phylogenetic study

icin 914 dizi elde edildi. Tum sekanslar incelenmis ve
konsensiis sekansina gore haritalanan bu suslardan
ekle-sil (indel) problemi olmayan sekanslar secilmistir.
incelenen ve alt dallari cikarilarak 65 sus elde edilen
formlar ile filogenetik agacin olusturulmasina karar
verilmistir.

Bulgular: Bu calismada elde edilen filogenetik
agac, Leishmania suslarinin ITS1 bolgesine gore alti
kolda kiimelendigini gostermistir. Burada filogenetik
bir agac cizilerek suslar arasindaki genetik iliskiler
sonucunda elde edilen bu alt1 kusak ve otesine ait
molekiiler epidemiyolojik ve demografik veriler

ozetlenmistir.

Sonu¢: Sonu¢ olarak Leishmaniasis, gelismekte
olan bircok lilkede goriilebilen 6nemli bir halk sagligi
sorunudur. Bu calismada in-silico yontemi kullanilarak
incelenen suslar 1984-2018 yillann arasinda dinyanin
farkli

arasindaki filogenetik iliskiler, kokenlerin yillara gore

cografyalarindan izole edilmistir. Bu suslar
sadece dikey yayiimimi degil, ayn1 zamanda cografi
olarak yatay yayilimi da gostermektedir. Bu turler
farkli

Boylece Leishmania suslarinin konak-vektor-rezervuar

konak ve doku tiplerinden elde edilmistir.
zincirindeki iliskileri aciklanmaktadir. Bu nedenle,
faktorler ve bunlarin yayiimi iizerine bu calisma gibi
cok sayida meta-analiz calismasina ihtiyac oldugu
aciktir.

Anahtar Kelimeler: Leishmania, 1TS1 geni, in silico

meta-analiz, filogenetik analiz

INTRODUCTION

Leishmaniasis is an important public health
problem that can be seen in many developing
countries (1). However, the emergence of unexpected
Leishmania species in unexpected areas beyond our
classical knowledge due to population travel and

migration (2). Classically, human dog rodents are
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reservoirs and sandflies are vectors (3). Leishmaniasis
ranges from localized cutaneous (CL), mucocutaneous
(MCL), and diffuse visceral leishmaniasis (VL), which
can be fatal (4,5).

In recent years, molecular techniques in the
diagnosis and typing of Leishmaniasis are rapidly
developing and their use is becoming widespread
worldwide.

Especially with increasing genome



studies, Leishmania taxonomy was reconstructed and
it was shown that the Leishmania genus was shown to
be separated into Viannia and Leishmania subgenuses
approximately 20-100 million years ago with
ancestral DNA studies (6). DNA sequence analysis of
some gene regions was used to evaluate phylogenetic
relationships in Leishmania lineage such as ITS1 and
ITS2 regions, Mini-exon/Spliced Leader (rDNA), gp63,
hsp70, cpb, POLA, G6PD, 6PGDH, MPI, Histones,
RPOIILS, NAGT, A2, EF-1a (proein coding gene),
cytb, COIl (kDNA maxicircle) and kDNA minicircle.
The most used among them is the sequence of the
ITS1 region (7) ITS1 is a non-coding region placed at
SSUrRNA, which is bounded by the genes 18S and 5.8S
that produce a 300-350 bp fragment of Leishmania
spp. (7). In this study, ITS1 region was selected for
phylogenetic analysis of current Leishmania lineage.
As it is known, in silico studies enable the evaluation
of large-scale genomic data with the innovations
offered by information technologies, bioinformatics
and artificial intelligence tools, and are becoming
increasingly widespread. The aim of this study is to
snapshot a meta-analysis of vertical and horizontal
propagation at the global level by performing
phylogenetic analysis based on Leishmania lineage

ITS1 gene using in-silico techniques.

MATERIAL and METHOD

In our study, Leishmania ITS1 region sequences
submitted to National Center for Biotechnology
Information, USA, (NCBI) GenBank (www.ncbi.nlm.
nih.gov) until 15.05.2019 were analyzed by in-silico
techniques (8).

In the NCBI
obtained for the Leishmania ITS1 region. These
data were uploaded to the Geneious 11.0.5. (www.

database, 914 sequences were

geneious.com) platform in FASTA format (9). Genome
mapping was performed on these sequences using the
Leishmania GQ333260.1 strain. All strains mapped
according to the consensus sequence were examined
and those without indel problems were selected.

Approximately 350 bp lenght sequences covering the
ITS1 region were extracted among them. As a result,
151 sequences were obtained. These DNA sequences
were trimmed at both ends and their lengths were
equalized. Then phylogenetic tree was drawn with
these sequences.

The phylogenetic tree was created using the
Geneious tree tool available on the Geneious 11.0.5
platform (www.geneious.com). It was examined,
and decided to draw the phylogenetic tree with 65
strains by removing the sub-branches (Figure 1,2).
Herein, a naming was made for the strains consisting
of accession number, species, location and year data
such as KF899857.1 (Lm/lIran/2013). The strain names
given here are used in the phylogenetic tree (Figure
2). In addition, using the Create Maps: Scribble
Maps
application, the regions where the strains in this

(https://www.scribblemaps.com/create/)

study are isolated are marked on the world map and
the geographical spreads of the clades are shown
Figure 3 (10).

RESULTS

In this study, the strains examined using the
isolated from different
geographies of the world between 1984-2018. The
phylogenetic relationships between these strains show

in-silico method were

not only the vertical spread of origins over the years,
but also the horizontal spread as geographically.

The phylogenetic tree obtained in our study shows
that Leishmania strains were clustered in six clades
(Figure 2). The vertical, horizontal and interspecies
spread of the selected for the present study Leishmania
speciesaccording tothe ITS1 generegionis summarized
in Table 1. The demographic characteristics of the
strains allocated to the Leishmania ITS1 region for
genogroups, along with their names and related
publications are given table 2. In addition, the
regions where the strains in this study are isolated
are geographically marked on the world map and
the geographical spread of clades shown as Figure 3.
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DNA sequencess obtained as a
result of NCBI (n=014)

Mapping sequences with the
Gensious 11.0.5 program
(n=814)

Sequences with an indsl problem in
the 350 bp ITS1 ragion wars
excluded from this study (n=763)

Data extraction (n=1351)

Equal length DNA fragments (282
bp) wers obtainad by trimming the
350 bp ITS1 region at both ends.

Trimming (n=151)

JSub-branches wers excludad when
the phylogenatic tree was drawn

Creation of phylogznstic trae

(n=63)

Figure 1. Work flow chart for deciding Leishmania ITS1 sequences to take place in this study
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Figure 2. The phylogenetic tree obtained in this study shows that Leishmania strains (n=65) were clustered in six cla-
des. The figure shows that Clade | (n = 2), Clade Il (n = 3), Clade Ill (n =5), Clade IV (n = 4), Clade V (n = 3) subbranches
(n: Number of sub-branches). The phylogenetic tree was created using the Geneious tree tool available on the Geneious
11.0.5 platform (www.geneious.com)
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Figure 3. Global distribution of Leishmania genogroups analyzed in this study. Yellow: Clade |, Green: Clade Il, Pink: Clade
I, Turquoise: Clade IV, Blue: Clade V: White: EF524071.1 (This strain is genotypically remote and unique from other clades in
present study). Create Maps: Scribble Maps (https://www.scribblemaps.com/create/) application was used in map production

Table 1. Vertical, horizontal and inter-species spread of Leishmania species according to ITS1 gene region

Leishmania spp. Vertical Propagation

L Inter-species Spread

(Years) Propagation (Geographic)
Rhombomys opimus (Rodent)-
Clade | L. major 2004-2018 Iran, Afghanistan, Austria  Phlebotomus papatasi (Sand fly) -
Homo sapiens (Human)
. . . Canis familiaris (Dog)
s [|] e e, 1999-2016 et WAPElisie, ATE e, P tobbi (Sand fly)
L. donovani Sudan, Ethiopia, Argentina .
H. sapiens (Human)
Eremias vermiculata,
E. velox rborowskii,
L. tropica, B Afghanistan, China, Iran Phrynocephalus
et 1L L. aethiopica AOIALE Eritrea axillaris (Desert lizards)
Canis spp.(Dog)
H. sapiens (Human)
Leishmania sp. .
(Not compatible 2. e, ..
. E. velox rborowskii,
with known .
species: high- E. multiocellata,
Clade IV pecies, g. 2015-2017 China, Spain P. axillaris,
similarity with .
Tenuidactylus elongatus (Desert
L. tarantolae and -
L. adleri) Ve
: Sergentomyia minuta (Sand fly)
L. (V.) braziliensis,
Clade v L+ (V) shawi, 1984-2006 Brazil, Peru (2228 LG 7R
L. (V.) guyanensis, H. sapiens (Human)
L. (V.) peruviana
Leishmania sp.
Clade VI (N.Ot il 2006 Ghana H. sapiens (Human)
with known
species)
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DISCUSSION

Molecular epidemiological and demographic data
of these six classes obtained as a result of genetic
relationshipsbetweenstrainsbydrawingaphylogenetic
tree are summarized in Table 2. The literature for
these strains is reviewed and the findings for molecular
epidemiological relationships are discussed below.

In this study, the strains in Clade | (Cl) originated
from Iran, Afghanistan and Austria between 2004-
2018, and all of are Leishmania major. The Austrian L.
major strain (KX821679) in Cl is not considered to be
of Austrian origin since it was isolated from a frequent
traveler patient (11). The species responsible for old
world cutaneous leishmaniasis in these countries are
mostly L. major and L. tropica (12,13). Leishmania
major causative agent for cutaneous leishmaniasis
occurring in the north and east of Iran. Additionally,
Rhombomys opimus is the reservoir and Phlebotomus
papatasi is the vector (14). Cl strains were isolated
from the skin lesion in humans, P papatasi as a
vector and R. opimus as a reservoir. This high genetic
similarity of the strains supports the human-sand fly-
rodent cycle in previous studies (15-16). Rafizadeh
et al. (2016) reported the human population is
associated with L. major epidemic, which occurred
with more than 400 new CL cases (16). One of the
strains sequenced in this study (KJ425408) falls
on Clade | in our study. It was also found that this
strain was 100% similar to some L. major strains
(KJ577703, KJ577707, KJ577708) located in Clade | in
the Esfarayen region in northern Iran. Several studies
from Iran have shown that L. major is the dominant
species on the border with Afghanistan (17,18).
KJ420587 L. major strain, originated Herat, occurring
in Cl is phylogenetically related to strains in Iran.

Clade Il (Cll) strains belong to L. infantum and
L. donovani in two sub-branches, as seen in Table 2.
Several studies reveal that L. infantum is a VL agent
in the Middle East (19). Leishmania infantum origins
identified in Uzbekistan, Tajikistan and Armenia were
reported to be related to the human and animal

Turk Hij Den Biyol Derg

migration (20,21). In our study in the CII, Iran P. tobbi
strain (HQ535858) and Uzbekistan and Armenia human
strains are genetically indistinguishable is evidence of
the existence of this pathway in terms of transmission.
Interestingly, Lin/Argentina/2012 strain detected in
the dog in Argentina was also in Cll (22). On the other
hand, L.donovani in Sudan and Ethiopia in Cll are form
a sub-branch in the phylogenetic tree. The strains of
L. donovani from Sudan was isolated from clinical
samples in 1999 and Ethiopian strains obtained VL and
CL cases were located in the same clade (23,24). In
this region, people always crossing borders because
of doing business or military activities may explain
this genotypic relationship. Essentially, according to
the current taxonomy, L. donovani and L.infantum
are subspecies in L. donovani complex (25).

Clade Il (Clll) strains are isolated from different
species of desert lizards, human and dog and originated
from Afghanistan, China, Iran and Eritrea, in which
only strain from lIran is located in CIlIl (26). Clade
IV (CIV) strains are isolated from desert lizards and
Sergentomyia minuta and originated from China and
Spain. It was shown a high similarity that Chine desert
lizards strains (KU194923-KU194975) and Spain vector
strains (LC216366, LC216368, LC216360) (27,28). It
has also been reported that there is a high similarity
between desert lizards and human strains in China
(29). The reason why Clade Ill and IV are considered
together is that the manifestation of linearity between
geographic relations and phylogenetic proximity
here is different than expected. Because, while two
different clades (Clll and CIV) are detected in the
same geography, it is quite remarkable that strains
in the remote geography are related to each other.”

Herat originated some L. tropica (KJ420584,
KJ420585) strains belonging to in our study in Clade
I (CHI) (30). In our meta-analysis study showed that
the KJ420585 L. tropica strain isolated from Herat (in
Clll) is 100% similar to some Chinese L. tropica strains
(KU194925, KU194930, KU194937, KU194940). In this
study, L. tropica Herat strain (KJ420585) was isolated
from a human in 2014, however the Chinese strains in



CIIl were isolated from some desert lizards (Eremias
vermiculata) that lived in the north and east of China
in 2015 (29). Zhang et al. (2015), reported that desert
lizards have a potential reservoir role for human
leishmaniasis (28,29). Moreover, some Chinese L.
tropica strains (KU194928-KU194945, desert lizards,
2015) and Iran strain (HM004586, dog, 2010) were
found to be 100% similar in our study. Dogs are known
to be the main reservoirs for zoonotic VL (31). In this
way, it is possible to see both the historical adventure
of Leishmania lineages and the transition between
species. Herein, strains are geographically related,
which can be evaluated to see both the adventure of
the origins over the years and the transition between
host species. Intrestingly, FN252411 L.
strain in CllIl, which is isolated from Eritrea in Africa

aethiopica

in 2009, is a human strain. Acording to Zanger et
al. (2011), the FN252411 L.
isolated from Eritrea with a travel history (32).

aethiopica strain was

In this study, Clade V’s strains are Brazilian and
Peru shown as table 2. (FN398328 L. (V.) shawi was
isolated in 1984 from monkey (Cebus apella) while
others human cases. They all show 100% similarity
to each other, in which monkey species can play a
role in the transition path of Leishmania species
in South America (33). Also, L.
strains in CVI are 100% similar (34). However, these
()

peruviana strains isolated from Peru. Cupolillo et

(V.) braziliensis

strains form sub-branches with two other L.

al. (1998), supports the genetic closeness between
these species also (35). It is interesting that the

strains isolated from different hosts, Leishmania
species and years are located in the same clade.
It is understood that genetic profiles are preserved
over the years and the ITS1 region is highly similar.

Clade VI
(EF524071). This strain was named only Leishmania

has an African Ghanaian strain
sp. taxonomically (36). The Leishmania spp. in CVI did
not match the DNA sequences of Leishmania species in
the NCBI portal. EF524071 is isolated from humans and
may be a new species, and vector-host relations and
epidemiologicalrelationsnetworkneedtobeexplained.

In conclusion, the strains examined using the in-
silicomethod were isolated from different geographies
of the world between 1984-2018. The phylogenetic
relationships between these strains show not only
the vertical spread of origins over the years, but also
the horizontal spread as geographically. Thus, the
relationships of Leishmania strains in the host-vector-
reservoir chain are explained. Monitoring vertical and
horizontal spread of Leishmania origins with such
meta-analytical studies is particularly important in
terms of evaluating the effectiveness of protection
and control measures. The demonstration that the
horizontal spread of Leishmania clones continues
between geographies by in-slico and phylogenetic
analysis indicates the insufficiency of protection
Also,
spreading over the years indicates the insufficiency

measures. the continuity of the vertical

of control measures. Therefore, it is obvious that

there is a need for a large number of meta-analysis
studies such as this study on factors and their spread.
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