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ABSTRACT

Mosquitoes are vectors of various life-threatening diseases like malaria, yellow fever, dengue fever etc. Their
close proximity to human habitations allows ease for disease transmission. They have been identified by key
morphological tools like their wings, legs, bristles etc. but closely related species are difficult to identify based on
morphology. Molecular tools have, therefore, been employed to help with the more accurate identification. This
study was aimed at identifying and characterizing different mosquito species in five different states in North-
Central Nigeria using internal transcribed spacer 2 (ITS2) and mitochondrial 16S rDNA regions. Mosquito larvae
were collected from stagnant water in breeding places at each collection site in North-central Nigeria.
Morphological identification was carried out using standard keys. DNA extraction was performed using EZNA
extraction kit. PCR amplification of ribosomal ITS2 and mitochondrial 16S-rDNA gene regions were carried out.
The PCR amplicons were sequenced using primers initially used for the PCR. Sequence data were aligned in
MEGA 6.0 using ClustalW multiple alignment feature and then compared with GenBank databases for similarity.
Phylogenetic analysis of DNA sequences from the ITS2 region was able to distinguish two mosquito subfamilies;
Anophelinae and Culicinae as well as differentiate between and amongst Culex and Aedes species. However, it
was unable to effectively distinguish between the two different species of Anopheles sequenced. Mitochondrial
16S rRNA marker was also able to distinguish the two mosquito subfamilies. It efficiently identified and
differentiated Culex, Aedes and Anopheles mosquito species sequenced in this study. This study concludes that
heterogeneity among Nigerian populations of Anopheles mosquitoes of may likely impact malaria vector control
programs. We recommend the combination of nuclear and mitochondrial markers for effective and reliable
phylogenetic study and determination of evolutionary relationship among mosquito species.
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Introduction segmented bodies, a pair of wings, and three pairs
of long hairy legs, feathery antenna and long
mouthparts (1). There are three sub-families under
the  family  Culicidae  these  includes
Toxorhynchitinae, Anophelinae and Culicinae.
Toxorhynchitinae has only one  genus,

Mosquitoes are insects that are classified under
the order Diptera and family Culicidae. They have
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effectively transmit plasmodium parasites. The
genera under this subfamily include; Anopheles,
Bironella and Chagasia. Species of the genus
Anopheles can effectively transmit the six species
of the genus Plasmodium parasites. Anopheles
gambiae is the most popular because of its role in
the transmission of Plasmodium falciparum (2).
Anopheles can also transmit filarial parasite
Wuchereria bancroffti and Brugia malayi as well
as other arboviruses in human (3). The subfamily
Culicinae has about 30 genera which are also of
medical importance. Culicine mosquitoes like
Aedes spp. and Culex spp. are important carriers
of human pathogens e.g. viruses and filarial
worms. They are also known to transmit avian
malarias (4). Species identification based on
morphological characters and DNA sequences are
the two major approaches that have been
employed by scientists all over the world to
confirm the identity of biological specimen.
Identification, abundance and diversity studies of
mosquitoes have been documented (5, 6). Wing
morphometry has also been used for
differentiation of Aedes aegypti in Nigeria (7).
Study of the population genetic structure of
Anopheles nili has been carried out using
microsatellite analysis (8). Over the years, there
have been remarkable progress in the use of
molecular techniques for the identification of
species (9-16). Some of the gene regions that have
been previously  used for  genotypic
characterization of mosquitoes include
mitochondrial cytochrome oxidase subunit | & 11
(COI and COIl) genes (17-20) and Shouche and
Patole (16) evaluated genetic relatedness of 450
bp hypervariable region of the mitochondrial 16S
rRNA gene in three major genera of mosquitoes,
Aedes, Anopheles and Culex. PCR-RFLP
technique has been used for identification of
members of the Anopheles species (21, 22).
Similarly, DNA sequences of different gene
regions of the nucleus and mitochondria have
been amplified to deduce the evolutionary
relationship among species because they show
high rates of nucleotide substitution (23). 16S
rDNA, NADH dehydrogenase, ITS1 and ITS2
genes (24, 25). A combination of COI and ITS2
gene regions have been used to estimate genetic
diversity, abundance, and distribution of mosquito
populations collected from island and mainland
sites of Kenya’s Lakes Victoria and Baringo (26).
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Sharma et al. (2009) (27) have previously used
RAPD as molecular marker to investigate genetic
variability in Culex quinquefasciatus populations.
The study revealed that RAPD is ideal for genetic
analysis of Culex mosquito populations. Similarly,
Ashraf et al., (28) reported the use of RAPD
marker for genetic analysis of Aedes aegypti
mosquito populations collected from Dengue
outbreaks in Pakistan and the study concluded that
Ae. aegypti populations are genetically more
diverse as previously reported in Pakistan.
Sequence amplification by PCR and deduction of
evolutionary relationship from the data have also
been wused to differentiate and characterize
mosquito species (29). Taken into consideration
the overwhelming evidences from the literature
that mosquitoes are responsible for the
transmission of medically important pathogens
and parasites which cause malaria, dengue, yellow
fever, encephalitis or filariasis (2, 30-32), details
of its biology, ecology and molecular diversity are
required for sustainable, effective and integrated
vector control management strategies. Therefore,
there is an urgent need to deeply study and
understand the population genetic structure and
gene flow patterns of mosquitoes particularly the
vectors of malaria and other diseases spread by
mosquitoes. Also, precise differentiation of
mosquito species using molecular methods is no
doubt fundamental to proper and successful
malaria vector integrated control strategies in
Nigeria.  Unfortunately, there is limited
information available in the literature about the
extent of genetic diversity and relatedness existing
between and/or within mosquito populations
especially in  North-central Nigeria. Such
information will no doubt be useful and assist in
the development of locally-adapted malaria vector
control measures and ensure success in the war
against the disease in Nigeria. This study was
aimed at investigating genetic diversity and
phylogenetic relationships that exist between and
among mosquito populations in North-central
Nigeria using ITS2 and 16S rDNA gene in order
clarify phylogenetic positions of Anopheles,
Aedes and Culex mosquito. It is expected that this
will provide a baseline data and evidence of their
potential as molecular markers, increase our
understanding of mosquito phylogeny and give a
more robust support for mosquito phylogenetic
hypothesis and systematics in Nigeria.
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Materials and Methods
Sample collection and experimental set up

Larval samples were collected from April, 2018 -
March, 2019. They were collected from earthen
ponds, abandoned tyres, gutters, abandoned wells,
containers, stagnant water etc. in different states in
North Central Nigeria. The states included Kwara,
Niger, Kogi, Benue and Abuja (Federal Capital
Territory) (Fig. 1). Larval samples were
transported to the laboratory and sorted in bowls
according to genera. The bowls were covered with
nets and labeled using the genera of the mosquito
and the location of collection. After the adults
emerged, they were collected using aspirators and
put in labeled 1.5 mL collection tubes containing
silica gel to help preserve the samples and prevent
the body parts from breaking into pieces.

Figure 1. Map showing geographical coordinates and
sample origins where mosquitoes were collected in
North-central Nigeria

The collected mosquito samples were preserved
over desiccated silica gel in 1.5MI Eppendorf
tubes. They were later examined using a
dissecting microscope (Olympus SZ 40) and
identified to species level using morphological
identification keys previously described by Gillies
and Coetzee (33).

DNA Extraction

DNA was extracted from the whole body of the
mosquito using Zymo Research Quick DNA
Insect Miniprep Kit for 50 preps with few
modifications to manufacturer’s instructions. The
yield and quality of the extracted DNA was
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checked using Nanodrop ND-1000 UV/Vis
spectrophotometer (Nanodrop Technologies, Inc.,
DE, USA) and was later stored at -20°C until
further use for genotyping by polymerase chain
reaction (PCR).

PCR Amplification of Ribosomal ITS 2 Gene

The primers used for the amplification of the ITS2
region were;

Forward primer- 5 ATC ACT CGG CTC GTG
GAT CG 3’

Reverse primer- 5' ATG CTT AAA TTT AGG
GGG TAG TC 3’ (34).

Amplification was carried out using Q5 High
Fidelity DNA polymerase from New England
Biolabs. A 25 pL reaction mixture was prepared
using 0.5 U Q5 Hot Start High Fidelity DNA
polymerase (New England Biolabs, Ipswich, MA,
USA), 100 pmol/L dNTPs, A 25 pL reaction
mixture was prepared containing; 5uL of 5X Q5
reaction buffer, 0.5 pL of 10 mM dNTPs, 1.25 pL
of each primer, 0.25 pL of Q5 High Fidelity DNA
polymerase, 5 pL of 5X Q5 High GC Enhancer,
6.75 pL of nuclease free water and 5 pL of
template DNA. The reaction protocol- initial
denaturation at 95°C for 30s, denaturation at 95°C
for 10s, annealing at 50°C for 30s, elongation at
72°C for 30s for 30 cycles and final elongation at
72°C for 2 minutes. 5 puL of each reaction mixture
was run on 2% DNA agarose gel with 1X TBE
running buffer and stained with ethidium bromide
stain. Electrophoresis was conducted at 90 volts
for 90 minutes.

PCR Amplification of Mitochondrial 16S-
rRNA Gene

Primers for this study were adopted from Shouche
and Patole (16) and the sequences include;
Forward primer- 5 CGC CTG TTT ATC AAA
AAC AT 3’

Reverse primer- 5' CTC CGG TTT GAA CTC
AGA TC 3’

A 25 puL PCR mixture was prepared and it
contained 14.5uL of nuclease free water, 5puL of
5X Hot FIREPol Blend Master Mix with 7.5 mM
MgCl,, 0.25 pL of each primer and 5 pL of the
DNA template. The protocol for this amplification
was initial denaturation at 95°C for 15 minutes,
denaturation at 95°C for 30s, annealing at 55°C
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for 1 minute, elongation at 72°C for 30s for 30
cycles and final elongation at 72°C for 10 minutes.
5 pL of each reaction mixture was run on 2%
agarose gel with 1X TBE running buffer.
Electrophoresis was conducted at 90 volts, 150
mA for 90 minutes. Double bands were observed
after the amplification so the bands of interest
were excised from the gel and purified using
EZNA gel extraction kit from Omega Bio-Tek,
Inc, 400, USA.

Phylogenetic Analysis

The ribosomal DNA ITS2 and mitochondrial 16S-
rDNA mosquito samples were sent to Ingaba
Biotec, South Africa for sequencing. Base calling
and trimming of the sequences were carried out
using FinchTV. The sequences were aligned with
the Clustal W multiple alignment feature on
BioEdit software version 7.2.5. Phylogenetic trees
were constructed by the maximum likelihood
(ML) method using MEGA v. 6 (Tamura et al.,
2013) and pairwise genetic distances were inferred
using MEGA 6.0.

Results

Mosquito genera sampled included Culex, Aedes
and Anopheles. Figure 1 represent a map showing
geographical coordinates and sample origins

where mosquitoes were collected at different
locations in North-central Nigeria. The genus
Culex had the highest overall prevalence
compared to other genera sampled. In FCT and
Niger, all genera except Aedes were collected. In
this study, among the states sample in North-
central Nigeria, no Anopheles sample was
collected in Kogi state but in Benue state, very
high numbers of Anopheles samples were
recorded and just one Aedes sample. A total of ten
(10) mosquito species comprising of three genera
were documented in this study (Table 1).
Polymerase chain reaction (PCR) amplicons
pattern following 2% agarose gel electrophoresis
is indicated in Figure 2. This depicts different
amplicon sizes of the 1TS2 region of the mosquito
samples. PCR amplicons sizes ranged from 400-
700 base pairs. PCR mixture for each sample was
loaded into each well and run at 90 volts for 90
minutes and bands were viewed under UV
transilluminator. The 100bp marker was used to
estimate the sizes of the different bands on the gel.
The samples were purified because there were
double bands on the gel after PCR. The fragment
of interest was excised and gel extraction was
carried out. PCR results were positive for ITS2
and 16S rDNA gene regions (Figure 2 and 3)

Table 1. Mosquito Populations, Geographical Locations and Geographical Coordinates

Mosquitoes

S/No.  Mosquitoes genera :
species

Geographical
Coordinates

Geographical
Locations

Culex guinquefasciatus

Culex australicus

Kwarimpa, Abuja N9°04 '21.5 ", E7°23' 409 "'

Yandev, Benue N7°20'12.19", E9°4'57.15"

1 Culex Culex bitaeniorhynchu
Culex brami Gurara, Minna N9°35' 14.1", E6°32' 03.9"
Culex sp Yagba East, Kogi N8°16' 29.0", E5°44' 04.4"
Culex quinquefasciatus llorin, Nigeria N8°27' 44.0", E4°38' 02.5"
Anopheles arabiensis Kwarimpa, Abuja N9°04' 21.5", E7°23' 40.9"
, Anopheles Anopheles gambiae Mbayion, B'enue N7°28' 1.72", E8°56' 8.59"
Gurara, Minna N9°36''1.18" E6°32' 48.77"
llorin, Nigeria N8°29' 24.0", E4°30' 37.2"
Mbatiav, Benue N7°17' 32.44", E8°47' 2.59"
3 Aedes Aedes aegypti Yagba West, Kogi N8°12' 495", E5°30' 34.1"

llorin, Nigeria N8°28' 53.7", E4°40' 30.6""




The Iragi Journal of Veterinary Medicine, 44 (2): 78-91

2020

Figure 2. Amplification profile of internal transcribed spacer 2 (ITS2) region of mosquito samples 1-20. M= 100bp marker
used to estimate amplicon sizes. The extracted PCR fragments were then run on 2% agarose gel using 1X TBE running
buffer at 80 volts. DNA agarose gel electrophoresis lasted for 90 minutes to achieve optimum separation of the DNA
fragment on the agarose gel.

1000 bp
500 bp

Figure 3. Amplification profile of the mitochondrial 16S rDNA region of some mosquito samples.

Multiple sequence alignment results in Figures 4
and 5 showed lack of apparent nucleotide
sequence variations in ITS2 rDNA and mtl6S
rRNA sequences of the collected mosquito
population may probably explain why Culex,
Aedes and Anopheles formed separate distinct
clades in the constructed phylogenetic trees shown
in Figure 6 and 7. Molecular phylogenetic analysis
of the sequences from the ITS2 region of the
mosquitoes inferred by maximum likelihood
method is presented in Fig. 6. Table 2 represents
the pairwise distance between each species of
mosquito against themselves and against other
species to infer the evolutionary divergence
amongst them. As revealed in this table, there was
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low evolutionary divergence in the ITS2 region of
the Anopheles, Aedes and Culex species
sequenced in the study and the DNA sequences of
mosquitoes retrieved from the Genbank. The
estimate of evolutionary divergence in the 16S
rDNA region between pairs of the different
mosquitoes sampled for this study is shown in
Table 3. Unlike the ITS2 region, there was
considerable difference in the 16S rDNA regions
of the two samples of Anopheles gambiae
sequenced. There were also distances amongst and
between all the other genera sequenced.

The phylogenetic tree showed the branching out
of the two subfamilies Culicinae and Anophelinae.
It is evidenced from this phylogenetic tree that
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Culex, Aedes and Anopheles species formed three
distinct clades and are clearly separated while
Culex, Aedes and Anopheles spp clustered
together. Periplaneta americana was used as an
outgroup when constructing the two phylogenetic
trees (Figure 6 and 7). The green squares represent
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Culex gquinquefascia
Culex gquinquefascia
Culex gquinquefascia
Anopheles gambiae
Anopheles coluzzii
Anopheles gambiae

ATG'I'GuA CPGCAGGACACATGAAEACCGMMGTTGAMGCATATTGCA
A CTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCA
TGTGAA CTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCA
AATGTGAACTGCAGGACACATGAACATTGATAAGT TGAACGCATATGGCG
AATGTGAACTGCAGGACACATGAACATTGATAAGT TGAACGCATATGGOG
AATGTGAACTGCAGGACACATGAACATTGATAAGT TGAACGCATATGGCG

sequences retrieved from the GenBank NCBI
database. The black circles represent the
sequences from this study and the red diamond
represents the out-group. The values on the nodes
of the tree are the bootstrap values after 1000
bootstrap replications.
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CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
CATCGGACGTTTAATCOCGACCGATGCACACATTCTTGAGT
CATCGGACGTTTAATCCCGACCGATGCACACATTCTTGAGT
CATCGGACGTTTAATCOCGACCGATGCACACATTCTTGAGT

Culex TATATCATATGTGA CTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCA CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
Culex sp EU346656 ATGTGAACTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCA CATCGTACAAC  AGTAC GATGTACACATTTTTGAGT
Aedes aegypti ATGTGA CTGCAGGACACATGAACACCGACACGTTGAACGCATATTGCA CATCGTACTACCAGTAC GATGTACACATTTTTGAGT
Aedes aegypti EY3B ATGTGA CTGCAGGACACATGAACACCGACACGTTGAANCGCATATTGCA - CATCGTACTACCAGTAC GATGTACACATTTTTGAGT
Aedes aegypti GTAGATGTGA CTGCAGGACACATGAACACCGACACGTTGAACGCATATTGCA CATCGGACTACCAGTAC GATGTACACATTTTTGAGT
Aedes aegypti EF471 TETGAACTGCAGGACACATGAACACCGACACGTTGAACGCATATTGCA CATCGTACTACCAGTAC GATGTACACATTTTTGAGT
Aedes aegypti JN423 ATGTGAACTGCAGGACACATGAACACCGACACGT TGANCGCATATTGCA  — CATCGTACTACCAGTAC GATGTACACATTTTTGAGT
Aedes aegypti AATGTGA CTGCAGGACACATGAACACCGACACGTTGAACGCATATTGCA CATCGTACTACCAGTAC GATGTACACATTTTTGAGT
Aedes aegypti EKF471 TGTGAACTGCAGGACACATGAACACCGACACGTTGAACGCATATTGCA CATCGTACTACCAGTAL GATGTACACATTTTTGAGT
Culex australicus GATGTGA CTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCA CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
Culex australicus K ATGTGAACTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCA CATCGTACAAC  AGTAC GATGTACACATTTTTGAGT

Culex australicus K
Anopheles arabiensi
Anocpheles arabiens
Anopheles arabiens
Culex bitaeniorhync
Culex bitaeniorhync
Culex bitaeniorhync
Periplaneta americ

ATGTGAACTGCAGGACACATGAACACCGACAAGT TGAACGCATATTGCA
TATGTGA CTGCAGGACACATGAACATTGATAAGT TGAACGCATATGGCG
ATGTGAACTGCAGGACACATGAACATTGATAAGTTGAACGCATATGGEG
ATGTGAACTGCAGGACACATGAACATTGATAAGT TGAACGCATATGGCG
AGATGTGA CTGCAGGACACATGAACACCGACAAGTTGAACGCATATTGCA
GATGTGA CTGCAGGACACATGANCACCGACAAGTTGAACGCATATTGCA
TGETGAACTGCAGGACACATGAACACCGACAAGT TGAACGCATATTGCA
TGCAGGACACATGAACATCGACATT TCGAACGCACATTGOGGTCCTTGGATT TCCAATCC

CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
CATCGGACGTTTAATCOCGACCGATGCACACATTCTTGAGT
CATCGGACGTTTAATCCCGACCGATGCACACATTCTTGAGT
CATCGGACGTTTAATCOCGACCGATGCACACATTCTTGAGT
CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
CATCGTACAAC AGTAC GATGTACACATTTTTGAGT
CGGACCACGOCTGGCTGAGG

110 120 130 140 150 1a0 170 180 150 200
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Culex quinguefasciaGOCTA TATTTATC TATTCAACTGTGCG CAC ACACGC AOGCAAMTGGGGTT'I'I‘GCTGOCTTC
Culex guinquefasciaGCCTA TATTTATC TATTCAACTGTGCG CAC ACACGC ACGCAGARATGGTGTTTTGCTGOCTTC
Culex quinquefasciaGCCTA TATTTATC TATTCAACTGTGCG - CAC ACACGC ACGCAGARATGGTGTTTTGCTGOCTTC
Anopheles gambiae GOCTACTAATTACCAAAGTCTCATTTAGTTAACTA - CAGTGGCCGTC CGCGAAGGTGCOCGGETCATCCGACGCACTG
Anopheles coluzzii GOCTACTAATTACCAAAGTCTCATTTAGTTAACTA - CAGTGGCCGTC CGCGAAGGTGCOCGGETCATCCGACGCACTG
Anopheles gambiae KGOCTACTAATTACCAAAGTCTCATTTAGTTAACTA - CAGTGGCCGTC CGCGAAGGTGCOCGGETCATCCGACGCACTG

CGC-ACACGCGCCOCGCGTETGEETGTCGTGCACGCAGCATGETGTTTTGC TGCOCTTA
CGC-ACACGCGCCCCGOCGTGTGTGTGTCGTGCACGCAGCATGGTGTTTTGCTGCCTTA

CGCCGCCOGC GGGGATGATGAGAGATGATGTTTTCCCTTCTTC
CGCCGCCOGC GGOGCGTATGCGTAGTGATGTTTTCCCGCCTTC
CGOCGCCOGT GGGGCGEATGCGTGETGATGTTTTCCCGOCTTC
CGOCGCCOGT GGOGCGTATGCGTGETGATGTTTTCCCGOCTTC
CGOCGCCOGoC GGOGCGTATGCGTAGTGATGTTTTCCCGCCTTC
CGCCGCCOGC GGCTCGGATGCGTGGTGATGTTTTCCCGOCTTC
CGCCGCCOGC GGOGCGTATGCGTAGTGATGTTTTCCCGOCTTC

GGC - GCGCACC

CGOGCGCTGTGA

Culex sp. GCCTA-TATTTATC AATTCAACTGTGCA
Culex sp.EU346656.1GCCTA TATTTATC AATTCAACTGTGCA
Aedes aegypti GCCTA-TATTTATC CATTCAACTATACG
Aedes aegypti EY382GCCTA TATTTATC CATTCAACTATACG
Aedes aegypti GCCTA-TATTTATC CATTCAACTATACG
Aedes aegypti EF471GCOCTA TATTTATC CATTCAACTATACG
Aedes asgypti JX423GCOCTA TATTTATC CATTCAACTATACG
Aedes aegypti GCCTA-TATTTATC CATTCRACTATACG
Aedes aegypti EF471GOCTA TATTTATC CATTCRACTATACG
Culex anstralicus GCCTA TATTTATC TATTCAACTGTGCA
Culex aunstralicus KGCCTA TATTTATC TATTCAACTGTGCG
Culex aunstralicus KGCCTA TATTTATC TATTCAACTGTGCG

GGC- GCTCACGCGCGC
GGC-GCTCACG

CGOGC

Ancpheles arablensiGOCTACTAATTACCAAAGTCTCATTTAGTTAACTA
Anopheles arabiensiGUCTACTAATTACCAAAGTCTCATTTAGTTAACTA
Anopheles arabiensiGUCTACTAATTACCAAAGTCTCATTTAGTTAACTA

CAGTGGCCGTC CGCGAAGGTGTCOCGGETCATCCGACGCACTG
CAGTGGCCOGTC CGCGAAGGTGTOCGGETCATCCGACGCACTG
CAGTGGCCOGTC CGCGAAGGTGTOCGGETCATCCGACGCACTG

Culex bitaeniorhyncGCCTA TATTTATC TATTCAACTGTGCA
Culex bitaeniorhyncGCCTA TATTTATC TATTCAACTGTGTA
TATTCAACTGTGTA

GGC - GCGOGTTACGCGCGE
TGC- GTGC TCACGCGCG
TGC- GTGC TCACGCGCG

TGTGCACGCAGCATGGTGTTTTGCTGOCTTA
TATACACGCAGCATGGTGTTTTGCTGOCTTA
TATACACGCAGCATGGTGTTTTGCTGOCTTA

Culex bitaeniorhyncGCCTA TATTTATC
GGOCRCA

Periplaneta americaGTCl TACTGGGCCCGTGTGTCTCGTCAT

210 220 230 240
B I I e B e R AR
Culex quingquefasci) GGGSGGTG
Culex quinquefascia GGTGGCTG
Culex quinquefascia GGTGGCTG

Anopheles gambiae
Anopheles coluzzii
Anopheles gambiae

GGOGGTCGCTGTGCATAATGACGTGCTTGGTCCCCGT
GGOGGTCGCTGTECATAATGACGTGCTTGGTCCCCGT
GGOGGTCGCTGTGCATAATGACGTGCTTGGTCCCCGT

CAGACGACGCAGGTCGGGCOCGAGC T TGEGEEACCCCCTCCATCTCGCC TC T TGAAGAGH

250 260

270 280 280

oo

lowealaweals R -
mTTCmA(ﬂETCAﬂ]GGCTCGGGGTTTWTTTOG GGGMGGCCA CECTG(I;GCGCE\CGCCOGCCACTG&AOGGRC
GCARAMCATTCAAGACGCTCAGCGGC TCGEEGT TTTCGTTCG CGGACGGOCA - CACTGETGCGCACGCACGCGACTGAMCGGAC
GCARAMCATTCAAGACGCTCAGCGGC TCGGGGT TTTCGTTCGGCGGACGGCCA  CACTGGTGCGCACGCACGCGACTGAACGGAT

CTGCGGETOCTCGEECG TTSARAGTGGACACTCTOGAGCGT
CTGCGGGTCCTCGEECGE TTGARAGTGGACACTCTOGAGCGET
'CTGCGGGTCCTCGGGCG TTGARAGTGGACACTCTCGAGCGT

Culex =sp. GGTGGATG GCAAAMCATTTAAGATACTC COGEGEET TCGGACGOC ACTACCA  CACTGGTGAG CTTCCTACGGCACATCC
Culex sp.EU346656. GGTGGCTG GCAAAMCATTTAAGATACTC CCGGEGGEET TCGEETGCG ACGACCE CACTGGTGCG CTTCGTACGGCACATCC
Aedes aegypti GGTGEGCG GAACATTATTGAAGATAGTARN GAGGTGEE TGAGGCCC CACCCCGGTTGAGAAAAACACCCCACAATGOGGTGCCCCC
Aedes aegypti E¥Y382 AGTGCGCG GTAAAMCATTGAAGATAGTCA GACGTGGTGTGGTGACA CACCGCGGTTGATGAATACATCCCACTATG

Aedes aegypti GGGGGGGE GAAAAATATTGAAAATAGTAA GACGTGGE GGGGACC CACCGCGGT TGATAAATACATCCCACTATGGGGCGTTCGE
Aedes aegypti EF471 AGTGCGCG GTAAAMCATTGAAGATAGTCA GACGTGG  TGGTGACA CACCGCGGTTGAT GAATACATCCCACTATGGCGCGCTCGT
Aedes aegypti JX423 AGTGCGCG GTAAAMCATTGAAGATAGTCA GACGTGG - TGGTGACA CACCGCGGTTGAT GAATACATCCCACTATGGCGCGCTCGT
Aedes aegypti GGTGCGCG GAAAAMCATTGAAAATAGTAM GAGGTGGGETEEAGACA CACCGETGATGAAGAACACCOCCCACT GGEEGGCCCTCCC
Aedes aegypti EF471 AGTGCGCG GTAAAMCATTGAAGATAGTCA GACGTGGTGTGGTGACA CACCGCGGTTGAT GAATACATCCCACTATGGCGCGCTCGT
Culex australicus

Culex australicus K

Culex

australicus K

Anopheles arabiens
Anopheles arabiensi
Anopheles arabiensi
Culex bitaeniorhync
Culex bitaeniorhync
Culex bitaeniorhync
Periplaneta americ GGGGGTGGGTCCGCTCCCGAATGGTTGTCAGGCCTCGCGAGGT TGTCTCTGCGGACGGAGAGCGGCTGEGCTTGAGAGACGCAGTACCTATGCGGOCCCC

GGOGGCCGCTGTGCATGATGACGTGCTTGGTCCCCGTCTGLGGEGTCCTOGGGOG TTGARAGTGGACACTCTOGAGCGTATGTT GGATGCGTTT
GGOGGECCGCTETECATGATGACGTGCTTGEGTCCCCGTCTGCGEETCCTCGGECGE TTGAAAGTGGACACTCTOGAGCGTATGTT GGATGCGTTT
GGOGGECCGCTGTGCATGATGACGTGCTTGGTCCCCGTC TG GEGEGTCCTOGGEOG TTGAAAGTGGACACTCTOGAGCGTATGTT GGATGCGTTT
GGTGGCTG GCAAAMCATTCAAGACACTC oC GGTTCGGGTGCG ACH - CATCCC GCA CG
GGTGGCTG GCAAAPMCATTTAAGATACTC oC GGTTCOGGETGCG ACGAOCATCACTGEOGCG CGACACGAC
GGTGGCTG GCAAAMCATTTAAGATACTC oC GGTTCGGGTGCG ACGACCATCACTGGOGCG CGACACGAC
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Culex guinguefasciaGACGACGEAGAGAATAAATCOCTC COCCCCCCCTGCTTGEETGGCCGATGTATTATCTTTCT
Culex guingueflfasciaGACGACGETGAGAATACATCOCAC ACACCAMCCTGGCTTGGGCGOCGATGTA
Culex guingquefasciaGACGACGETGAGAATACATCOCAC ACACCAMCCTGGCTTGGGCGOCGATGTA
Anopheles gambiae
Anopheles coluzzii
Anopheles gambiae K

Culex sp. GCACACGGCGAGAATACGTCOCACTGTACCTTGCTGGATTGTACAACAATGTAACCTCTCTGC CGCGETGATGCAGCCACACACACGTACATA
culex .EU346656 . 1GCACACGGCGAGAATACATCCCACTGTACCAGCCTGGCTTGGACGACGATGTARACTCTCTGC CGGGATGATGCAGCCACGTACACGTAC
Aedes aegyptl CCTCGTGGTGTGG  TATATCATATTCTACAARA ARAATCACAATATTTGTCTTAAAATATGGTGTGACACCCCOCCAACACTTCATATTATAA
Aedes aegypti KY382

Aedes aegypti TCGCCTGGTETGE  GATTCCATCTTTCACTAAC TAACTCCCTATAGAAGGCCTCAAATAAGGTGTGACTACCOCCTAAATTTARGAATATA
Aedes aegypti KF471TCGCCTTGTGTTG TATTCCATCATTCACTARC TAACTCCCTATAGTAGGCCTCAAATAATGTGTGACTACCCOCCTARATTTARG

Aedes aegypti JX423TCGCCTTGTGTTG TATTCCATCATTCACTAAC TAACTCCCTATAGTAGGCCTCAAATAATGTGTGACTACCCCCTAAAT TTARGCATAT
Aedes aegypti TOCTCTTGTGTTG  TATCCCATTATTCACTAACCTCCOCACCTACCTCTCTCGAATAGGGGTCGAATAACGCCTAAATACCGACT TTATTCCAGCAT

Aedes aegypti FEF4T71TCGCCTTGTGTTG TATTCCATCATTCACTAAC TAACTAGCTAACTCTCTCTAGTAGGCCTCAAATAR

Culex australicus

Culex australicus K

Culex australicus K

Anopheles arabien COGTGCTGGCGGAGTCTGATGAGTATGCATTGTGGTGTGTGTAAGARCCGCATGACTCGAACTAATGCTACGTCATGCACAATGGCCGCCCAGAGCCTACTC
Anopheles arabliens COGTGTTGGTGGTGTTTGATGOGTAGGGCTTGTGGTGTGTGTCAAGCCGCATGGT TCGAACTAATGCTACGTCGTTOCCGATGGCCACCGECAGCCTACTC
Anopheles arabiensiCGTGTTGGCGETGTTTGATGOGTAGGGCTTGTGGTGTGTGTCAAGCCGCATGEGT TCGAACTAATGCTACGTCGTTCCCGATGGC CACCGECAGTCTACTC

Culex bitaeniorhync GCGAGAATACATCOCACAGCACCAGCCTGECTTGGGCGTCGATGTAAACTCTCTCOGG CCTTTGT GCGTGTCCACTCAACG
Culex bitaeniorhync GTGAGAATACATCOCACA CACCAACCTGGCTTGEGGCGCCGATGTAAGCTCTCTCAGTCATCCGTTGTCGCGETGCCGOGT TGACACCCACCA
Culex bitaeniorhync GTGAGAATACATCOCACH CACCAACCTGGCTTGGGCGCCGATGTAAGCTCTCTCAGTCATCCGTTGTCGCGEGTGCCGOGT TGACACCCACCA

Periplaneta americ GUCCAGCACGGCTCGTCCCGCTAGCGACCTCTTTTGCGACCTGTTCTCTAAAACCCGACCTCAGATCAGGUGAGACTACCOGCTGAATTTAAGCATATCA

410 420 430 440 450 480
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Culex guinguefasciatus
Culex guinguefasciatns EKO74394
Culex guinquefasciatuns FJ41603
Anopheles gambiae
Anopheles coluzzii ET160244.1
Anopheles gambiase ET160243.1
Culex =p.
Culex sp.EU346656.1
Aedes aegypti AAGATAMG
Aedes aegypti EY3g82418.1
Aedes aegypti
Aedes aegypti EF471575.1
Aedes aegypti JX423805.1
Aedes asegypti
Aedes aegypti EF471577.1
Culex australicus
Culex australicus EXNS§65985.1
Culex australicus EXB865984.1
Anopheles arabiensis TGAOCGETACACCTTCGTCGACGAGCGATGCAGT TAACTAAATGAGACTTTCTCAATTA
Anopheles arabiensizs DOZ8TTT1. T
Ancpheles arabiensis DO287T752. T
Culex bitaeniorhynchus GGAAGCTCTCTCCATA TATGTAGGCCTCAAATAATGTGTGACTACCOCCCTAAATT TAANMCATATR
Culex bitaeniorhynchus EY05348 AGAMNCCGTCTATAGTATACCATGTAGGOCTCAAATAATGTGTGACTACCCCCTAAATT TAAGCAT
Culex bitaeniorhynchus DO16842 AGARACCGTCAATAGT - ACCATGTAGGCCTCAAATAATGTGTGACTACCCCCTAA TTTAAGCATA
Periplaneta americana (EF8%%83 ATAR

Figure 4. Multiple Sequence Alignment of ITS2 region sequences of mosquitoes in this study using the ClustalW multiple
alignment feature on BioEdit software.
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Aedes aegypti CCTGCCCACTGATAAATTATTAAAGGGCCGCAGTATTTTGACTGTGCGAAGGTAGCATAATCAGTAGTCTT
Culex brami CCACTGATAAAA - ATTAAAGGGCCGCAGTATTTTGACTGTGCGAAGGTAGCATAATCACTAGTCTT
Culex tritaeniorhy GCCCACTGATAAAA ATTAAMGGGOCGCAGTATTTTGACTGTGOGAAGGTAGCATAATCACTAGTCTT
Culex brami GCCCACTGATAAMA ATTAAMGGGCCGCAGTATTTTGACTGTGCGAAGGGAGCATAATCATTAATCTT
Culex brami CCACTGATAAAN  ATTAAAGGGCCGCAGTATTTTGACTGGGCGAAGGGAGCATAATCACTAATCTT
Anopheles gambiae CCCTGGCCACCTGATAAARA - ATATAGGGGCGCGGCATATTTTOOCTGOGCGAGT  GCATATTCTCACTACTT
Anopheles gambiae e TECCCACTGAGT TTTATAGGGCCGOGETATTTTGACCETGCGAAGG TAGCATAATCAATAGTCTT
Culex tritaeniorhyn TCTACCTGCCCACTGATAAAA ATTAAAGGGOCGCAGTATTTTGACTGTGOGAAGGTAGCATAATCACTAGTCTT
Culex brami AACCTGCCCACTGATAAAA ATTAAMGGGOCGCAGTATT TTGACTGTGOGAAGGTAGCATAATCACTAGTCTT
Culex quinguefascia GCCCACTGATATARN ATTAAAGGGCOCGCAGTATTTTGACTGTGOGARAGGTAGCATAATCACTAGTCTT
Periplaneta americana CTTTTCTTGAATTTTAATATGAGATATGACCTGCCCACTGATAGATTGAAGGGCCGCGEGTATTT TGACCGTGCAAAMGGTAGCATAATCATTAGTCTT
110 1z0 130 140 150 160 170 180 180 200
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Aedes asgypti TTAATTGAAGGCTTGTATGAATGGT TGAATGAG ATATATACTGTCTTTTT TAAATTT TTATAGAATTTTATTTT T TAAT TAAAAAGTTAAAATGTAATT
Culex brami TTAATTGGAGGCTTGTATGAATGGTTGAATGAG ATATATACTGTCTTTTT TAAAATTATATAGAATTTTATTTTT TAATTAAAAAGT TARAATARAATT
Culex tritaeniorhynTTAATTGGAGGCTTGTATGAATGGTTGAATGAG ATATATACTGTCTTTTTTAAAATTATATAGAATTTTATTTTT TAATTAAAAAGTTAAAATGAAATT
Culex brami TTAATTGGAGGCTTGTATGAATGGT TGAATGAG ATATATACTGGCTTTTT TAAAATTGTATAGAATTTTATTTTT TAAT TAAAAAGTTARAAATAAAATT
Culex brami TTAATTGGAGGGTTGGATGAATGGTTGAATGAR ATATATACTGGCTTTTT TAAAATTATATAAAATTTTATTTTT TAAT TAAAAAGT TARAATARAATT

Anopheles gambiae TT - TTTGAGGCTGGET TGAATG TGGAATGTGTATATACACTGTCTTTTTTTTAATT TAAAACTTTATTATTTATTTAT TAAGCTAAAATTTAATT
Anopheles gambiae TTAATTGAAGGCTGGTATGAATGGT TGAATGAG ATATATACTGTTTTTTTAAAATTTATATAGAACTTTATTTTT TAGT TAAAAAGCTAAMATTTAATT
Culex tritaeniorhynTTAATTGGAGGCTTGTATGAATGGTTGAATGAG ATATATACTGTCTTTTT TAAAATTATATAGAATTTTATTTTT TAATTAAAAAGTTAAAATGARATT
Culex brami TTAATTGGAGGCTTGTATGAATGGTTGAATGAG ATATATACTGTCTTTTT TAAAATTATATAGAATTTTATTTTT TAATTAAAAAGTTARAAATAAAATT
Culex quinguefasciaTTAATTGGAGGCTTGTATGAATGGTTGAATGAG ATATATACTGTCTTTTTTAAAATTATATAGAATTTTATTTTT TAATTAAAAAGTTAAAATAAAATT
Periplaneta americanaTTAATTGTGGACTGGAATGAATGGT TGGACGAG GAATATACTG ~TTTCTTATTATTTTATTGAATTTAATTTT TAAGT TAAAAAGCTTAAATTTATTT

210 220 230 240 250 260 270 2E0 290 200
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Aedes asgypti APAAGACGAGAAGACCCTATAGATCTT TATTTTTGT TAAT TATAAATTAAAAAGAATAATTAAATTTATATTTTAATAAAAAATT T TACTGGGGETGGTA
Culex brami APAGGARCGAGAPAGACCCTATAGATCTT - TATTTTTGTTATT TATAAATTAAAAAGAATATTAAAATTTATAATTTAATTARAAAATTT TATTGGGGTGATA
Culex tritaeniorhynAAAGGACGAGAAGACCCTATAGATCTT TATTTTTGTTATT TATAAATTAAAAAGAATATTAAAATTTATAATTTAAT TAAAAATTTTATTGGGGTGATA
Culex brami APAGGACGAAAAGACCCTATAGATCTT TATTTTTATTATT TATAAATTAAAAAGAAT TTTAAAATTTATAATTTAAT TAARAATT TTAT TGGGGTGATA
Culex brami ARAGGARCGAAAAGACCCTATAGATCTT - TATTTTTGTTATT TATAAATTAAAAAGAATATTAAAATTTATAATTTAATTAAAAATTT TATTGGGGTGATA

Anopheles gambiae ATTAGARCGACAAGACCCOCCCAAATCAT CATTTTTTTTGATAT TAATTTATAAAGAATATTATAATTAATATTTTA TTAAAAAATTAACTTATTGGGGA
Anopheles gamblae AAAAGARCGAGAAGACCCTATAGATCTT TATTTTTATAAATTATAAATTATAAAGAAT TTTAAAATTTATATTTTAAATAAAA  TTTTACTGGGGTGGTA
Culex tritaeniorhynAAAGGACGAGAAGACCCTATAGATCTT TATTTTTGTTATTTATAAATTAAARAAGAATATTAAAATT TATAATTTAATTARARAAATTTTATTGGGGTGATA
Culex brami APAGGHRCGAGAAGACCCTATAGATCTT  TATTTTTGTTATT TATAAATTAAAAAGAATATTAAAATTTATAATTTAATTAAAAATTT TATTGGGGTGATA
Culex quingueflfasciafAlrAGGACGAGAAGACCCTATAGATCTT  TATTTTTGTTATT TATAAATTAAARAAGAATTTTAAAATTTATAATTTAATAAARAAATTTTATTGGGGTGATA
Periplaneta americanaATAGGACGAGAAGACCCTATAGAGT TTATATACATTATTCTATTTATTTTGTTTGTTTAT TTTATTTAGTATTTAR TATATTTTATTGGGGTGATT
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Pedes aegypti TTAAAATTTARAAAACTTTTATTTTCAA TTTACATTAAT TTATGAATATTTGATCCAGT TATATTGAT TAAAAAATTAAGT TACCTTAGGGATAACAG
Culex brami TTAAAATTTAAAARAACTTTTARAATATA TARACATTAATATATGAGTTAATGATCCAGTTT TATTGAT TAAAMATTTAAGT TACCTTAGGGATARCAG
Culex tritaeniorhynTTAAAATTTAAAAAACTTTTAAAATATA - ARAACATTAATATATGAATARATGATCCAGT TATATTGAT TARAMAATTAAGT TACCT TAGGGATAACAG
Culex brami TTAAAATTTARAGAACTTTTARAATTTA  TTAACATTAATATATGAATARATGATCCAGTTT TATTGAT TAAAAATTTAAGT TACCTTAAGGATARCAG
Culex brami TTAAAATTTARAAAACTTTTARAATATA  TTAACATTAATATATGAATARATGATCCAGTTT TATTGATTAAAAAT TTAAGT TACCTTAAGGATAACAG

Anopheles gambiae TAAAAATAAAATAAACTATCTTTATTTA - TTTACATTGCTTTATGA TGAATGATCCTGTTTTATGGATCATTA TTTGTTATACCTTCTGGATAACCG
Anopheles gambiae TTAAAATTAAATAAACTTTTATTATTTA -~ TTTACATTGATTTATGAATARAAGATCCTGTTT TATGGATTAAAMATTTAAGT TACCTTAGGGATARCAG
Culex tritaeniorhynTTAAAATTTAAARAACTTTTAAAATATA - ARAACATTAATATATGAATARATGATCCAGT TATATTGAT TARAMAATTAAGT TACCTTAGGGATAACAG
Culex brami TTAAAATTTAAAARAACTTTTARAATATA  TARACATTAATATATGAGTTAATGATCCAGTTT TATTGAT TAAAAATTTAAGT TACCTTAGGGATARCAG
Culex quinquefasc TTAAAATTTAAARAACTTTTAAAATTTA - TTAACATAAATATATGAATAAATGATCCAGTTTTATTGATTARAAATTTAAGTTACCTTAGGGATAACAG
Periplaneta americaGGAAGAATTAATTAACTCTTTT TGT TTAAATATACATTGAT TTATGAATACTTGATCCAATTTTGT TGATTATAAGATTAAA

410 420 430 440 450 480 470 480 430 500
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Aedes aegypti CGTAATTTTTTTT TAGAGT TCT TATCGACAAPAAAGATTGCGACCTCGATGTTGGATTAAGAGTTATTTTTAGGTGTAGAAGT TTAAAGTTTAGGTCTGT
Culex brami CGTAATTTTTTTT TAGAGT TCATATCGACAAPAAAGATTGCGACCTCGATGTTGGATTAAGAGTTATT TTTAGGTGTAGAAGT TTAAAGTTTAGGTCTGT
Culex tritaeniorhy CGTAATTTTTTTTTAGAGTTCATATCGACAARAAAGATTGOGACCTCGATGTTGGATTAAGAGT TATT TTTAGGTGTAGAAGTTTARAGTT TAGGTCTGT
Culex brami CGTAATTTTTTTT TAAAGT TCATATCGACAARMAAAGATTGCGACCTCCATGTTGGATTAAGAGTTATT TTTAGGTGTAARAGT TTAAAGTTTAGGTCTGT
Culex brami CGTAATTTTTTTTTAGAGT TCATATCGACAARMAAAGAT TGCGACCTCCATGTTGGATTAAGAGTTATTTTTAGGTGTAGARAGT TTAAAGTTTAGGTCTGT

Anopheles gambiae CGEAATTTTTTTTTAGAGTTCATATCAATAARAAAGATTGCTACCTCCACGAT GGATTAATAGTTATTTT TAGGAGTAGAANGAATARAGGT TAGGTCTGG
Anopheles gambiae CGTAATTTTTTTAGAGAGTTCATATCGATAARMAAAGATTGCGACCTCGATGTTGGATTAAGAGTTATTTTTAGGTGTAGARAGTTTAAAGTTTAGGTCTGT
Culex tritaeniorhynCGTAATTTTTTTTTAGAGTTCATATCGACAARAAMGATTGCGACCTCGATGTTGGATTAAGAGTTATT TTTAGGTGTAGAAGTTTARAGTTTAGGTCTGT
Culex brami CGTAATTTTTTTT TAGAGT TCATATCGACAARAAAGATTGCGACCTCGATGTTGGATTAAGAGTTATTTTTAGGTGTAGAAGT TTAAAGTTTAGGTCTGT
Culex quinguefasciaCGTAATTTTTTTTTAGAGTTCATATCGACAAMAAMGATTGCGACCTCGATGTTGGATTAAGAGTTATT TTTAGGTGTAGAAGTTTARAGTTTAGGTCTGT
Periplaneta america
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hedes aegypti TCGACCTTTGAATTCT TACATGATCTGAGT TCARA - COCGGAGA.
Culex brami TCGACCTTTGAATTCT TACATGATCTGAGT TCAAR - CCGGAG
Culex tritaeniorhynchus TCGACCTTTGAATTCT TACATGATCTGAGT TCARA - CCGGAGA
Culex brami TCGACCTTTGAATTCTTACATGATCTGAGTTC
Culex brami TCGACCTTTGAATTCT TACATGATCTGAGT TCAAA - COCGGAGAG
Anopheles gambiae TCGTCCTCTTAATTCTTOCATGATCTGAGGTCAAA  CCGGAGAAG
Anopheles gambiae TCGACCTTTGAATTCT TACATGATCTGAGT TCAAA - CCGGAGRAGAG
Culex tritaeniorhynchus TCGACCTTTGAATTCT TACATGATCTGAGT TCARAACCGGAGA
Culex brami TCGACCTTTGAATTCT TACATGATCTGAGT TCAAAACCGGAGA
Culex quinquefasciatus TCGACCTTTGAATTCT TACATGATCTGAGT TAAAA - CCGGAGA

Periplaneta americana

Figure 5. Multiple Sequence Alignment of mitochondrial 16S rRNA sequences of mosquito samples used for this study
using the ClustalW multiple alignment feature on BioEdit

o6 | M Culex bitaeniorhynchus KY053484.1
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I Aedes aegypti JX423805.1
@ Aedes aegypti(3)
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Figure 6. Molecular Phylogenetic analysis of the internal transcribed spacer 2 (ITS2) region of mosquitoes by Maximum
Likelihood method inferred by Tamura-Nei method after 1000 replications.
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Table 2. Evolutionary Divergence of the ITS2 sequences of some mosquito species sequenced.

SINO  Organism ﬁﬁ‘;ﬁ;ﬂ‘r’” 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1 Cx.quin  This study -

2 Cx. quin KU743940.1 0.08  --

3 Cx. quin FJ416032.1 0.10 0.00 --

4 An.gam  This study 057 059 062 -

5  An.col KT160244.1 057 059 061 000 -

6 An. gam KT160243.1 057 059 0.61 0.00 000 --

7 Cx. sp. This study 026 019 021 054 054 054 -

8 Cx. sp. EU346656.1 0.23 0.14 0.16 053 053 053 0.07 --

9 Ae. aeg This study 052 046 049 065 066 066 050 053 -

10 Ae. aeg KY382418.1 031 030 033 061 062 062 029 030 013 --

11 Ae. aeg This study 050 046 048 059 060 060 052 051 020 0.07 -

12 Ae. aeg KF471579.1 048 043 045 061 062 062 050 050 023 0.00 0.07 -

13 Ae.aeg JX423805.1 047 043 045 060 061 061 050 050 024 0.00 008 0.00 --

14 Ae aeg This study 052 046 049 062 062 062 055 054 029 0.09 018 015 015 --

15 Ae aeg KF471577.1 049 046 048 061 062 062 048 048 022 0.00 0.09 0.01 001 013 --

16 Cx.aust This study 011 011 015 039 039 039 011 010 014 012 012 012 012 013 012 -

17 Cxaustr KX865985.1 0.04 0.05 009 035 035 035 008 0.08 007 0.7 008 0.07 008 0.07 007 003 -

18  Cx.austr KX865984.1 0.04 0.05 0.09 033 033 033 008 008 009 008 009 0.08 0.08 009 008 003 000 -

19 An.arab  This study 080 0.79 081 0.02 002 002 081 083 093 064 087 088 08 091 083 041 035 034 -

20 An.arab DQ287771.1 0.77 0.77 0.79 0.01 001 001 083 081 088 064 091 088 087 092 084 040 035 033 006 --

21 An.arab DQ287752.1 0.77 0.78 081 0.01 001 001 080 078 090 064 092 090 09 09 086 040 035 033 006 0.01 -

22 Cx. bita This study 0.18 010 012 055 055 055 019 012 050 027 045 044 045 048 044 007 008 006 083 075 075 --

23 Cx. bita KY053484.1 020 011 0.13 054 054 054 021 014 057 031 054 051 051 057 048 008 010 0.09 082 072 074 011 --

24 Cx. bita DQ168421.1 021 011 0.12 053 053 053 021 014 057 031 054 050 051 056 048 008 010 009 081 072 0.74 011 0.00 --

25 P. amer KF899831.1 122 115 115 094 095 09 118 122 111 109 09 104 100 110 121 085 083 081 140 151 151 131 122 122 --
Key: Cx. quin = Culex quinquefasciatus; An. col = Anopheles coluzzii ; An. gam = Anopheles gambiae; Cx sp= Culex specie; Ae. aeg = Aedes aegypti; Cx. austr = Culex australicus; An. arab =Anopheles

arabiensis; Cx. bita= Culex bitaeniorhynchus; P. amer = Periplaneta americana
The numbers 1-25 on the horizontal bar correspond with the samples listed.
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Anopheles gambiae

& Periplaneta americana (KU531484.1)

Figure 7. Evolutionary relationship in the mt16S rRNA region of mosquitoes by neighbour joining method after 1000
replications

Table 3. Evolutionary Divergence of the 16s-RNA sequences of some mosquito samples sequenced for this study

Accession
S/INO  Organism Number 1 2 3 4 5 6 7 8 9 10 11 12 13
1 Ae. Aeg This study
2 Ae. aeg EU352212.1 1.30
3 Ae. aeg DQ397917.1 0.00 1.30
4 Cx brami This study 0.06 1.20 0.06
5 Cx. trita This study 0.05 1.23 0.05 0.01
6 Cx. brami This study 0.08 112 0.08 0.04 0.04 --
7 Cx. brami This study 0.08 121 0.08 0.03 0.03 0.03
8 An. gam This study 0.30 1.20 0.30 0.28 0.29 0.30 0.29 -
9 An. gam This study 0.10 131 0.10 0.11 0.11 0.12 0.13 0.27 -
10 Cx. trita This study 0.05 1.22 0.05 0.01 0.00 0.04 0.03 0.30 0.11 -
11 Cx. brami This study 0.06 1.20 0.06 0.00 0.01 0.04 0.03 0.29 011 0.01 -
12 Cx. quin This study 0.06 1.13 0.06 0.02 0.02 0.03 0.03 0.29 011 002 002
13 P. amer KU531484.1 0.28 1.37 0.28 0.29 0.28 0.28 0.32 0.54 030 029 029 029 -

Key: Ae. aeg = Aedes aegypti; Cx. brami = Culex brami; Cx. trita = Culex tritaeniorhynchus; An. gam = Anopheles gambiae; Cx. quin = Culex
quinquefasciatus; P. amer = Periplaneta americana

The numbers 1-13 on the horizontal bar correspond with the samples listed.

In this study,

Discussion

diversity and distribution of
mosquito species potentially involved in malaria
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transmission cycles in north-central regions of
Nigeria with reported incidences of malaria were
investigated. Genetic diversity and population
genetic structure of mosquito populations have
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been less studied in north-central regions of
Nigeria. This is very important to be taken into
great consideration when planning vector control
and management strategies in the war against
malaria in Nigeria and sub-Saharan Africa. There
was a higher species abundance of Culex over
other genera. Since Culex is known to breed in
polluted areas, this high abundance could be as a
result of improper waste and sewage disposal
which provides a breeding habitat for these Culex
mosquitoes. We retrieved available ITS2 and
16sRNA sequence data of Anopheles, Aedes and
Culex members from GenBank in order to
compare and match them with the DNA sequences
of the Nigerian counterparts obtained from this
study. This result is consistent with previous study
carried out in Benin City by Aigbodion and Uyi
(35) which showed that Culex and Aedes had
higher species abundance over Anopheles
mosquitoes. This species abundance can be
positively co-related with urbanization, over-
bearing effects of human activities on the
environment as well as other anthropogenic
activities that have led to poor waste disposal,
poor sanitary levels, uncontrolled run-offs etc.

The ribosomal ITS2 gene region was able to
successfully separate each genera as they seem to
cluster apart in the phylogenetic tree. The tree
showed the point of branching of Anophelinae
from Culicinae with the subfamily Anophelinae
placed in the basal position. This is consistent
with a study carried out in Northwestern Iran that
used ITS2 to characterize mosquito samples and
reported that ITS2 successfully differentiated
between mosquito subfamilies- Culicinae and
Anophelinae (34). In this study, phylogenetic
analysis revealed that the ITS2 DNA sequences of
Ae. aegypti mosquitoes collected from Nigeria
were similar in identity with previously published
data available in the GenBank database (Fig 6).
Similar trends were observed in the ITS2 DNA
sequences of An. gambiae, An. arabiensis, Cx
quinquefasciatus and Culex sp. Cx.
quinquefasciatus also clustered separately from
Cx. australicus which is a part of the Cx. pipens
complex usually found in Australia. Although Cx.
quinquefasciatus, from this study has similar
DNA sequences with the one retrieved from the
Genbank (Fig 6). Ae. aegypti and An, gambiens.
This confirmed that Cx. quinquefasciatus and Cx.
pipens are not monophyletic as suggested by
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Kohli et al, (13). ITS2 sequence values
successfully distinguished the different Ae.
aegypti mosquitoes sequenced in this study. This
result is consistent with a study conducted in Sri
Lanka by Weeraratne et al. (36) where 1TS2 and
COl DNA sequences distinctly differentiated
Aedes aegypti samples from themselves, other
species of Aedes and four other mosquito genera
including Armigeres, Culex, Mansonia and
Mimoyia. However, it could not give any
sequence dissimilarities between  Anopheles
arabiensis and An. gambiae. ITS2 sequences
could only detect four variable sites between the
two species of Anopheles sequenced for this study.
This result could be due to its inability to carry out
intraspecific variation as suggested by Walton et
al., 2007 (34) who couldn’t successfully
differentiate sequences of An. pseudowillmori
collected in China. Khoshdel-Nezamiha et al. (34)
also reported this shortcoming of ITS2 sequences
in  differentiating members of the An.
maculipennis complex collected from different
locations in Northwestern Iran. Wilkerson, et al.,
(37) has previously used rDNA ITS2 sequence to
differentiate six species in the Anopheles crucians
complex from mosquito samples collected from
central Florida, USA. Phylogenetic analysis of the
mitochondrial 16S-rDNA region also split three
mosquito genera analyzed based on their
subfamilies, placing Anophelinae at the basal
region, thereby supporting the results of the
nucleotide sequences of the ITS2 region. The 16S
rDNA marker differentiated significantly the two
Anopheles samples sequenced for this study as
there were 105 variable sites observed between
them. Shouche and Patole (16) reported that
Anopheles species showed significant variations in
their mitochondrial region even though there was
no significant difference in their morphological
divergence. Thel6S rDNA also differentiated all
the Culex (Cx.) samples analyzed for this region
during the study. Different clustering patterns
were observed for four Cx. brami samples used in
the study. These clustering patterns observed seem
to be based on the geographic distance between
these Cx brami samples. One of the clusters
contained Cx. brami samples collected from
Abuja, Nigeria and the other contained Cx. brami
samples collected from Kogi state, Nigeria. In
this study, it is not surprising that we observed
disparity in the phylogenetic trees between
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mitochondrial (COIl) and nuclear (ITS2) genes.
One plausible reason for this observation between
mitochondrial and nuclear gene regions could
possibly be due to variations in evolutionary rates.
It has been reported that mitochondrial DNA
mutates at higher rate than nuclear DNA
sequences (11, 38). It is therefore reasonable to
suggest that different ecological and enviro-
nmental factors of these regions may have played
a significant role in the observed nucleotide
substitutions in the 16S region that made these Cx.
brami samples cluster apart. It also showed that
Cx. quinquefasciatus  diverge from Cx.
tritaenorhynchus which is similar to a study
reported by Shouche and Patole (16).

Conclusions

This study concludes that 1TS2 and 16S-rDNA
are ideal tools that can be utilized for systematics
and phylogenetics studies of mosquitoes and a
wide variety of other organisms. We therefore
recommend that further studies should be done
with larger sample sizes in order to deeply
understand and re-evaluate the phylogenetic
relationship among the mosquito species with the
use of other markers with higher discrimination
power such as DNA barcoding and microsatellite.
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