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Abstract 

Background: Mosquitoes are important vectors of disease‑causing organisms such as filarial worms, malaria 
parasites, and arboviruses endemic to sub‑Saharan Africa including Nigeria. Malaria is a disease caused by a plas‑
modium parasite, transmitted by the bite of infected mosquitoes and is no doubt a public health concern. There is 
limited information on the genetic diversity of mosquitoes in Nigeria. This is necessary because information about 
the genetic diversity of mosquitoes is a very important step towards vector control and management with the aim to 
mitigate or eliminate burden resulting from malaria and other diseases caused by mosquitoes. In the present study, 
we investigated the genetic variability and relatedness of mosquitoes based on the DNA sequences of the mitochon‑
drial cytochrome oxidase subunit I (COI) and ribosomal intergenic non‑coding spacer gene regions (IGS). Mosquitoes 
were collected from five different states in Northcentral Nigeria, they were morphologically identified using standard 
keys and genomic DNA was extracted. The specific regions of interests were amplified, and the PCR products were 
then sequenced.

Results: PCR was able to successfully amplify the expected amplicon sizes of COI and IGS sequences (710 and 169) 
base pairs, respectively. For COI sequence, pairwise genetic distance between mosquito species ranged from 0.00 
to 0.17 in the COI sequences. The pairwise genetic distance among Culex, Aedes and Anopheles species in the IGS 
sequences ranged from 0.000 to 0.118. Phylogenetic analysis of the sequences of the mitochondrial cytochrome oxi‑
dase subunit showed that there was genetic diversity amongst the different mosquito species sampled. It effectively 
showed marked differences between Culicine and Anopheline mosquitoes.

Conclusions: The ribosomal IGS primers used for this study only amplified Anopheles spp. However, it revealed that 
there is diversity among the Anopheles gambiae and Anopheles arabiensis samples collected. This study concludes that 
the mitochondrial COI and ribosomal IGS gene regions are reliable markers for mosquito genetic diversity study and 
will surely yield a reliable result for molecular diversity assessment of mosquito species.
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Background
Mosquitoes belong to the family Culicidae which is com-
prised of three sub families which include Toxorhynchi-
tinae, Anophelinae and Culicinae. Toxorhynchitinae, 
which has only one genus Toxorhynchites, is not of any 
medical importance because it feeds on nectar rather 
than blood (Collins & Blackwell, 2000). Mosquitoes serve 
as major vectors of several diseases because it feeds on 
blood and transmits viral, bacterial, protozoan and other 
diseases (Becker et al., 2010). Mosquitoes occur in a wide 
range of both aquatic and terrestrial habitats and have 
different morphological and behavioural adaptations to 
these habitats (Becker et al., 2010). Culicine mosquitoes 
like Aedes spp. and Culex spp. are important carriers of 
human pathogens (Molina-Cruz et al., 2013). Anopheline 
mosquito is the major vector of human malaria. Identifi-
cations of mosquito species are based on main morpho-
logical features such as legs, antennae, wings and position 
of the abdomen. However, many mosquitoes exist as spe-
cies complexes, such as Culex pipiens L. sensulato (s.l.) 
(Cornel et  al., 2012) and Anopheles gambiae s.l. (Scott 
et  al., 1993), limiting their identification based on mor-
phology alone. Previous mosquito diversity studies in 
Nigeria have mainly employed morphology (Afolabi 
et  al., 2019; Oduola et  al., 2013) with few studies on 
molecular analysis to identify the different mosquito spe-
cies (Lamidi et al., 2017; Msugh-Ter et al., 2017).

Molecular approaches to support morphological data 
provide better insight into the genetic diversity of mos-
quito species (Kumar et  al., 2007) and may play a vital 
role designing and executing effective strategies in the 
malaria vector control strategies. Different molecular 
markers have been used for characterization, diversity 
and population genetic analysis of mosquitoes. Mito-
chondrial DNA analysis has proven to be a useful and 
reliable marker for population genetics, intraspecific 
phylogeography, and systematics (Zink & Barrowclough, 
2008). Mosquitoes have been successfully differentiated 
genetically using the mitochondrial cytochrome c oxi-
dase I (COI) gene region (Hebert et  al., 2003). Krüger 
et  al. (2014) have previously used COI gene region for 
molecular identification of Aedes geniculatus. Anopheles 
daciae mosquitoes have characterized in Germany using 
ITS2 sequence analysis (Weitzel et  al., 2012). Genetic 
diversity and molecular characterization of mosquitoes 
in North-Central Nigeria using ribosomal DNA ITS2 and 
mitochondrial 16S-DNA sequences have been reported 
(Iyiola et al., 2020). The IGS region is a reliable molecular 
marker in studying genetic and phylogenetic divergence 
between closely-related of Anopheles mosquito species 
(Sharma & Chaudhry, 2010).

Variations in larval environment may contribute to 
insecticide susceptibility of Anopheles mosquitoes 

(Owusu et  al., 2017). Taken into consideration genetic 
modifications that can be induced due environmental 
influences, the high abundance and widespread presence 
of invasive species reported across the world, there is a 
need to provide a baseline information on genetic diver-
sity of mosquitoes in North-central Nigeria. This is vital 
because precise, consistent and reliable identification of 
mosquitoes using DNA-based approach is important and 
will go a long way to provide a baseline data required in 
malaria vector control strategies and war against malaria 
vector in Nigeria. Our central hypothesis is that due to 
constant genetic mutation, there could be invasive mos-
quito species in Nigeria which could be a setback to 
sustainable approaches for surveillance, prevention and 
control of vector-borne diseases. Therefore, this study 
investigated genetic diversity study of mosquitoes using 
a molecular approach. We investigated species composi-
tion and genetic diversity between and within mosquito 
species in North-Central Nigeria using the mitochon-
dria COI and ribosomal DNA intergenic spacer IGS gene 
regions. Data from this study will provide a robust assess-
ment of mosquito species’ distributions and molecular 
diversity in Northcentral Nigeria.

Materials and methods
Sample collection
Mosquito larvae were collected from different mosquito 
breeding sites like abandoned earthen ponds, gutters, 
stagnant water, water storage containers, abandoned car 
tyres, etc. in five states in North-Central Nigeria. The 
states include Benue, Kogi, Kwara and Niger States and 
Abuja, the Federal capital of Nigeria. The samples were 
collected from April 2018 to March 2019. Samples were 
transported to the laboratory and separated into differ-
ent genera based on the presence or absence of breath-
ing tubes and the length of breathing tubes. They were 
then kept in bowls labelled based on location and genera. 
Upon emergence into adult, the mosquitoes were col-
lected using aspirator and put in a labelled 1.5 ml Eppen-
dorf tubes and preserved dry on desiccated silica gel for 
further analysis.

Morphological identification
Morphological identification of mosquitoes collected was 
carried out with the aid of a dissecting microscope using 
standard morphological keys as described by Gillies and 
Coetzee (1987).

DNA extraction
Genomic DNA was extracted from the whole body of the 
mosquitoes using Zymo Research Insect Mini prep kit 
with slight modifications to the manufacturer’s protocol. 
The isolated genomic DNA (gDNA) was checked using 
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NanoDrop 2000c to check for the quantity and purity of 
the samples. The genomic DNA extracted was also run 
on 1% agarose prepared with 1X TBE buffer at 80 V for 
1 h to confirm the presence of DNA.

PCR amplification of the mitochondrial cytochrome oxidase 
subunit I (COI) region
The mitochondrial cytochrome oxidase subunit I (COI) 
gene region was amplified using primers stated in Table 1. 
PCR amplification was carried out using 5X Hot FIREPol 
Blend Master Mix with 7.5  mM  MgCl2 from Solis Bio-
Dyne Estonia. A 25  µL reaction mixture was prepared 
using 5 μL of 5X Hot FIREPol, 0.25 μL each of both prim-
ers, 14.5 μL of nuclease free water and 5 μL of template 
DNA. The PCR was run using the following conditions: 
initial denaturation at 95 ° for 15 min, denaturation at 95 ° 
for 30 s, annealing at 42 ° for 1 min, elongation at 72 ° for 
1 min for 30 cycles and final elongation at 72 ° for 10 min. 
5µL of each reaction mixture was run on 1.8% DNA aga-
rose gel with 1X TBE running buffer and stained with 
ethidium bromide stain. Electrophoresis was conducted 
at 80 V, 150 mA for 1 h 30 min. The gel was viewed under 
a UV transilluminator.

PCR amplification of the intergenic spacer (IGS) region
The primers used for the amplification of this region 
were adapted from Ajamma et al. (2016a, b). The primers 
details are provided in Table 1.

PCR amplification was carried out using 5X Hot FIRE-
Pol Blend Master Mix with 7.5  mM  MgCl2 from Solis 
BioDyne Estonia. A 25 µL reaction mixture was prepared 
using 5 μL of 5X Hot FIREPol, 0.25 μL each of both prim-
ers, 14.5 μL of nuclease free water and 5 μL of template 
DNA. The PCR was run using the following conditions: 
initial denaturation at 95  °C for 5  min, denaturation at 
95  °C for 30  s, annealing at 50  °C for 1  min, elongation 
at 72  °C for 1  min for 30 cycles and final elongation at 
72  °C for 5  min. 5µL 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 V, 150 mA for 90 min. The gel was 
viewed under UV light in a gel documentation system.

Phylogenetic analysis
The PCR mixtures were sent to Inqaba Biotech, South 
Africa for sequencing. Sequences in ABI format was 
subjected to trimming, editing and base culling were 
carried out using Sequencher 5.4.6. The sequences were 
exported to notepad. These text files were aligned using 
the ClustalW multiple alignment feature on BioEdit 
and the aligned sequences were saved as FASTA files, 
later opened on MEGA7 and phylogeny was inferred 
using maximum likelihood tree with 1000 bootstrap 
replications.

Results
Species composition
We determined species composition of mosquitoes col-
lected from Niger, Kogi, Benue, Kwara states and Abuja 
in North-central Nigeria. A total of 2,100 mosquito sam-
ples were collected and they included Culex, Anopheles 
and Aedes species. Culex spp. were the most abundant of 
all  the mosquitoes species  collected during this study 
(Table  2). Aedes spp. were found in Benue, Kwara and 
Kogi States. Anopheles spp. were the abundant mosquito 
species collected from Benue State.

Table 1 Primer sequences from COI and IGS sequences used for detection of polymorphism in the Mosquito populations

S/No Gene region Primer names Nucleotide sequences (5′–3′) % GC content Expected PCR 
product size (base 
pairs)

References

1 COI Forward GGT CAA CAA ATC ATA AAG ATA TTG G 32.0 710 Folmer et al., (1994)

2 COI Reverse TAA ACT TCA GGG TGA CCA AAA 
AAT CA

34.6 710 Folmer et al., (1994)

3 Ribosomal DNA IGS Forward GTG AAG CTT GGT GCG TGC T 57.9 169 Ajamma et al., (2016a, 2016b)

4 Ribosomal DNA IGS Reverse GCA CGC CGA CAA GCTCA 64.7 169 Ajamma et al., (2016a, 2016b)

Table 2 Number of mosquitoes collected from different sites in 
North‑Central Nigeria

Locations Mosquitoes Total (100)

Anopheles Culex Aedes

Kwara 11 65 24 100 (4.8)

FCT (Abuja) 3 217 – 220 (10.5)

Niger 6 744 – 750 (35.7)

Kogi – 14 285 299 (14.2)

Benue 600 130 1 731 (34.8)

Total 620 1170 310 2100 (100)
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Molecular analysis and PCR amplification
DNA agarose gel images of the PCR amplicons of the 
mitochondrial IGS and COI gene regions, respectively, 
after electrophoresis (Figs. 1, 2). The IGS and COI gene 
regions of all the extracted DNA of the mosquito sam-
ples were amplified successfully using primers stated in 
Table 1. PCR mixtures were loaded on 1.8% agarose and 
run at 90 V for 90 min. It was then viewed with UV tran-
silluminator and photographed. Lane M is the 100  bp 
DNA ladder, while lane 21–45 is the PCR amplicons of 
different mosquito samples. The expected and amplified 
PCR fragment sizes were 169 and 710 (base pairs) for IGS 
and COI gene regions, respectively, (Figs. 1 and 2).

Phylogenetic analysis
Dendogram of the intergenic spacer region sequences 
of the Anopheles spp. amplified for this study is shown 
in Fig.  3. The phylogenetic tree constructed is a Maxi-
mum-Likelihood tree with 1000 bootstrap replications 
according to Tamura-Nei method. Green circles in Fig. 3 
represent the samples sequenced in this study and those 

in red boxes are Anopheles spp. sequences retrieved from 
the NCBI database. Culex pipiens pipiens sequence, 
denoted in blue diamond, also retrieved from the NCBI 
database was used to represent the outgroup. Anopheles 
gambiae haplotype in this study clustered together with 
the sequence available at the GenBank database  and 
was isolated from Guinea Bissau (Ascension number 
KX828857.1). The sequences are supported by a boot-
strap value of 68 at the node. Likewise, the Anopheles 
arabiensis also clustered with the sequences gotten from 
Brazil but was supported by a bootstrap of 65 at the node. 
(Fig.  3). Dendogram of the mitochondrial cytochrome 
oxidase subunit I of the mosquito species is shown in 
Fig.  4. The lemon circles denote the mosquito samples 
sequenced for this study, the lilac triangles represent the 
sequences collected from the NCBI database and the red 
diamond represents the outgroup used to root the tree. 
Some Culex pipiens sequence in this study showed diver-
gence with those from Turkey, while others clustered 
with the sequences from Kenya. Culex watti and Culex 
antennatus sequences from this study also clustered with 

Fig. 1 Amplification profile of mosquito species with primers from the IGS gene region. M = DNA markers (size 100 bp), 1–20: Mosquito samples

Fig. 2 Amplification profile of mosquito species with primers from the COI gene region. M = DNA markers (size 100 bp), 21–45: Mosquito samples
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Fig. 3 Molecular phylogenetic analysis of the intergenic spacer (IGS) region of Anopheles spp. by Maximum Likelihood method inferred by 
Tamura‑Nei method after 1000 replications. Culex pipiens pipiens was used as an outlier

 Culex antennatus

 Culex adersianus KU187051.1

 Culex antennatus

 Culex antennatus

 Culex antennatus KU187048.1

 Culex sp. KU380436.1

 Culex watti

 Culex watti KU187064.1

 Culex pipiens

 Culex pipiens MN299023.1

 Culex pipiens MT199095.1

 Culex pipiens MK533639.1

 Anopheles gambiae

 Anopheles coluzzi KR152326.1

 Anopheles coluzzi KR152323.1

 Anopheles gambiae MT375223.1

 Anopheles gambiae MT375222.1

 Periplaneta americana KC617846.1

100

97
98

100

97

61

100

0.02

Fig. 4 Molecular phylogenetic analysis of the mitochondrial cytochrome oxidase subunit I (COI) region of mosquito species by Maximum 
Likelihood method inferred by Tamura‑Nei method after 1000 replications. Periplaneta americana was used as an outlier
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same species from Kenya and they are greatly supported 
with a bootstrap > 90 (Fig. 4). Data from analysis of evolu-
tionary divergence between COI and IGS gene sequences 
of some mosquito species used in this study are as indi-
cated in Tables  3 and 4, respectively. DNA nucleotide 
sequences were deposited at the GenBank database for 
future reference, and they were assigned with Genbank 
accession numbers OK257522-OK257529 for COI and 
OK236349-OK236355 for IGS.

Estimates of evolutionary divergence between the COI 
sequences obtained from the Culex and Anopheles spe-
cies are shown in Table 3. As expected between mosquito 
species, the estimated pairwise genetic distance was 
observed between Anopheles gambiae and Culex pipiens 
species in the COI sequences from mitochondrial DNA 
at 0.17.

In Table  4, the DNA nucleotide sequence of Anoph-
eles gambiae collected from Ilorin, Kwara State is geneti-
cally different from Anopheles gambiae collected from 
Abuja and Niger state of Nigeria with a pairwise genetic 
distance value of 0.009. Anopheles arabiensis collected 
from Yandev, Benue State, Nigeria is genetically differ-
ent within species with a pairwise genetic distance value 
of 0.009. The highest pairwise genetic distance was 0.118 
was observed between Anopheles gambiae and Anopheles 
arabiensis.

Discussion
In this study, 2,100 mosquito samples were collected and 
Anopheles sp has the highest proportion in Benue state 
with non in Kogi state. Culex sp was found to have high-
est species composition in Niger states. Similarly, Aedes 
sp was found to have the highest abundance  in Kogi state 
with  no Aedes reported in both Niger state and Abuja. 
The presence of mosquitoes in the studied locations 
could be due to overpopulation of these areas which may 
have led to improper waste and sewage disposal which 
provides a suitable  habitat for the Culex mosquito  spe-
cies. Mosquitoes’ abundance could be related to urbani-
zation, over-abundance of human activities as well as 
other anthropogenic activities that has led to poor waste 
disposal, poor sanitary levels, uncontrolled run-offs, etc. 
which has created a habitat for breeding of these mos-
quitoes. This result is consistent with data from  a study 
carried out in Benin City by Aigbodion and Uyi (2013) 
which reported that Culex and Aedes had higher abun-
dance over Anopheles mosquitoes. Mosquitoes collected 
from Benue states showed a higher relative abundance of 
Anopheles species. It is reasonable to suggest that rela-
tive species  abundance of  Anopheles may likely lead to 
prevalence of malaria especially among infants, pregnant 
women and immuno-compromised individuals  in  this 
area if no vector control measures are put in place. This 

observation is consistent with the report of a study car-
ried out by Aju-Ameh et  al. (2017) where the highest 
Anopheles mosquitoes were recorded in Gboko, Benue 
state, Nigeria. In Ilorin, Kwara State, three mosquito gen-
era were recorded and Culex spp was the most prevalent. 
However, a study by Ajao and Adeleke (2014) had the 
highest abundance and this was different from the report 
from a study conducted by Amaechi et al. (2018), where 
Anopheles gambiae had the highest abundance.

The intergenic spacer (IGS) primers used for this 
study were only able to distinguish between Anopheles 
spp. The intergenic  region produced amplicon size of 
169 bp. Sequence variations were observed in the DNA 
based-nucleotide sequence of the IGS gene region. 
Nucleotide bases substitutions of both transition and 
transversion types were observed when the sequenced 
DNA was aligned. Twelve (12) variable sites were 
observed among all the species which included 5 trans-
version and 7 transitions. Between the An. gambiae 
and An. arabiensis, 11 variable sites were observed, 
with A-G transitions being the most common. A sin-
gle variable site of G-T and A-T transversion was also 
observed within the species of An. gambiae and An. 
arabensis, respectively. However, for COI sequence, 
we observed that evolutionary individual divergence 
between species ranged from 0.000 to 0.009 (Table  3). 
The pairwise genetic distances were determined for 
Anopheles  species. Low genetic distance  value was 
observed. This observation indicates that the Anopheles 
diverge more recently.  This  also showed that there is 
low individual divergence among the Anopheles species 
of mosquitoes collected in this study. This is consist-
ent with previous study of Hamza et  al. (2014) which 
reported high genetic similarities and low individual 
divergence  within the An. gambiae individuals col-
lected from Sudan. From the phylogenetic trees, it was 
observed that the region could differentiate the differ-
ent mosquito subfamilies with Anophelinae occupying 
the basal position. This region could also differentiate 
the different mosquito species genera which is in corre-
lation with a study of Ajamma et al. (2016a, b) where it 
was reported that COI was able to distinguish between 
members of Mansonia, Culex and Aedes. The phyloge-
netic tree constructed from IGS gene region is shown 
in Fig.  3. It identified two Anopheles species complex 
which are An. gambiae and An. arabiensis and were 
able to separate between the two species of Anopheles 
as they both form a separate clade on the phylogenetic 
tree with the species of An. gambiae clustering together 
and that of An. arabiensis also clustered together 
(Fig. 3). This is supported by the study of Ajamma et al. 
(2016a, b) where it was reported that IGS gene region 
was able to successfully distinguish between Anopheles 
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mosquito species. Anopheles gambiae haplotype in this 
study clustered together with the sequence retrieved 
from GenBank database and was isolated from Guinea 
Bissau (Ascension number KX828857.1). The sequences 
are supported by a bootstrap value of 68 at the node. 
Likewise, the Anopheles arabiensis also clustered with 
the sequences gotten from Brazil but was supported by 
a bootstrap of 65 at the node. (Fig.  3). This is an evi-
dence of identical and clearly established phylogenetic 
relationship among the Anopheles species used in this 
study Guinea Bissau anopheles retrieved from Gen-
bank. The phylogenetic tree in Fig.  4 showed that the 
different Culex species, namely C. pipiens, C. watti 
and C. antennatus, formed separate clades of similar 
species clustering together and supported by a good 
bootstrap value. C. pipiens from this study clustered 
with C. pipiens from Kenya and Turkey, while C. watti 
from this study clustered with the one from Kenya. This 
revealed evidence of identical and clearly established 
phylogenetic relationship among the Culex species 
used in this study due to clustering of similar species 
on the same nodes. Similarly, An. gambiae from this 
study clustered with Uganda anopheles retrieved from 
Genbank database. There is no doubt that these show 
evidence of similarity in the mtDNA sequence of Culex 
species from our study and those from Kenya, Turkey 
and Anopheles. It could be hypothesized that the mos-
quito populations collected and sequenced are probably 
from the same origin with those from other parts of the 
world, although there is no evidence of their dispersal 
routes. This observation is supported by previous stud-
ies which suggested that Culex is not a monophyletic 
group (Rozo-Lopez & Mengual, 2015). There were also 
low genetic  variations in the DNA sequences of mos-
quito species both within and between species. DNA 
nucleotide base  substitutions (transition and transver-
sion) were observed among the mosquito species stud-
ied. In all the sequenced COI samples, there was 230 
variable sites the highest being A → T transversions 

within the Culex pipiens sequences, there were three 
variable sites which is G ↔ A transition, there were 22 
variable sites between the three Culex antennatus spe-
cies which include 14 transversions and 8 transitions. 
There are also 173 variable sites among all the Culex 
species sequenced. These results are consistent with 
previous study of Shouche and Patole (2000) where 
they also reported a high A-T type transversion in both 
16S rRNA and COI sequences.

Conclusions
This study concludes that the reliability of the use of 
ribosomal IGS and mitochondrial COI gene regions for 
molecular diversity study and precise identification mos-
quito species in North-Central Nigeria because they can 
provide sufficient information on the mosquito species 
diversity present in this region. Both regions were able 
to show the evolutionary relationship amongst the mos-
quito species as well as infer the molecular divergence 
existing between and among them. Further investigation 
into the evolutionary relationship and divergence among 
species complexes with larger sample size is therefore 
recommended and this could be achieved through DNA 
barcoding and population genetic structure of mosquito 
species in North-central   Nigeria. We therefore suggest 
increased researches on applications of genetics and pop-
ulation genomics in mosquito control strategies to effec-
tively wage war against malaria. 
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Anopheles 
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arabiensis

Anopheles 
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Page 9 of 9Iyiola et al. JoBAZ           (2021) 82:59  

Authors’ contributions
OAI conceived and designed this study; ATK‑I, HAA and RDS collected and 
preserved the samples; OAI, TOF, ATK‑I and RDS performed the molecular 
laboratory experiments; OAI, ATK‑I, OS and RDS analysed the data; OAI and 
ATK‑I wrote the draft of the manuscript. All authors read and approved the 
final version of the manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated and analysed during this study are included in this pub‑
lished article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Cell Biology and Genetics Unit, Department of Zoology, University of Ilorin, 
P.M.B 1515, Ilorin, Kwara State, Nigeria. 2 Parasitology Unit, Department of Zool‑
ogy, University of Ilorin, P.M.B 1515, Ilorin, Kwara State, Nigeria. 3 Department 
of Biotechnology, Federal Institute of Industrial Research, Oshodi, P.M.B 21023, 
Ikeja, Lagos State, Nigeria. 4 Entomology Unit, Department of Zoology, Univer‑
sity of Ilorin, P.M.B 1515, Ilorin, Kwara State, Nigeria. 5 Cell Biology and Genetics 
Unit, Department of Zoology, University of Ibadan, Ibadan, Nigeria. 

Received: 2 June 2020   Accepted: 21 October 2021

References
Afolabi, O. J., Akinneye, J. O., & Igiekhume, A. M. A. (2019). Identification, abun‑

dance, and diversity of mosquitoes in Akure South Local Government 
Area, Ondo State, Nigeria. The Journal of Basic and Applied Zoology, 80, 39. 
https:// doi. org/ 10. 1186/ s41936‑ 019‑ 0112‑4

Aigbodion, F. I., & Uyi, O. O. (2013). Temporal distribution of habitat diversifi‑
cation by some mosquitoes (Diptera: Culicidae) species in Benin City, 
Nigeria. Journal of Entomology, 10(1), 13–23.

Ajamma, Y. U., Mararo, E., Omondi, D., Onchuru, T., Muigai, A. W. T., Masinga, D., 
& Villinger, J. (2016a). Rapid and high throughput molecular identification 
of diverse mosquito species by high resolution melting analysis. F1000 
Research, 5(1949), 1–11.

Ajamma, Y. U., Villinger, J., Omondi, D., Salifu, D., Onchuru, T. O., Njoroge, L., 
Muigai, A. W. T., & Masiga, D. K. (2016b). Composition and genetic diver‑
sity of mosquitoes (Diptera: Culicidae) on islands and mainland shores of 
Kenya’s Lakes Victoria and Baringo. Journal of Medical Entomology, 53(6), 
1348–1363. https:// doi. org/ 10. 1093/ jme/ tjw102

Ajao, A. M., & Adeleke, M. A. (2014). Species composition and seasonal abun‑
dance of mosquito vectors in a rice growing community in Kwara State, 
North‑Central Nigeria. Munis Entomology & Zoology, 9(2), 838–841.

Aju‑Ameh, O. C., Awolola, T. S., Mwansat, G. S., & Mafuyai, H. B. (2017). Molecular 
identification, species composition and distribution maps of malaria vec‑
tor species in selected communities in Benue State, North Central Nige‑
ria. IOSR Journal of Biotechnology and Biochemistry (IOSR-JBB), 3(2), 1–9.

Amaechi, E. C., Ukpai, O. M., Ohaeri, C. C., Ejike, U. B., Irole‑Eze, O. P., Egwu, O., & 
Nwadike, C. C. (2018). Distribution and seasonal abundance of Anophe‑
line mosquitoes and their association with rainfall around irrigation and 
non‑irrigation areas in Nigeria. Cuadernos De Investigacion UNED, 10(2), 
267–327.

Becker, N., Petric, D., Zgomba, M., Boase, C., Madon, M., Dahl, C., & Kaiser, A. 
(2010). Mosquitoes and their control (p. 577). Heidelberg: Springer. https:// 
doi. org/ 10. 1007/ 978‑3‑ 540‑ 92874‑4

Collins, E. L., & Blackwell, A. (2000). The Biology of Toxorhynchites mosquitoes 
and their potential as biocontrol agents. Biocontrol News and Information, 
21(4), 105–116.

Cornel, A., Lee, Y., Fryxell, R. T., Siefert, S., Nieman, C., & Lanzaro, G. (2012). Culex 
pipiens sensulato in California: A complex within a complex? Journal of 
American Mosquito Control Association, 28, 113–121.

Folmer, O., Black, M., Hoeh, W. R., Lutz, R., & Vrijenhoek, R. (1994). DNA primers 
for amplification of mitochondrial cytochrome C oxidase subunit 1 from 
diverse metazoan invertebrates. Molecular Marine Biology and Biotechnol-
ogy, 3, 294–299.

Gillies, M. T., & Coetzee, M. (1987). A supplement to the Anophelinae of Africa 
South of the Sahara. Publication of the South Africa Institute of Medical 
Research, 55, 1–143.

Hamza, A. M., El‑Rayah, E., & Abukashawa, S. M. A. (2014). Molecular characteri‑
zation of mosquitoes of Anopheles gambiae species complex (Diptera: 
Culicidae) from Sudan and Republic of Southern Sudan. Journal of 
Mosquito Research, 4(13), 1–10.

Hebert, P. D., Cywinska, A., Ball, S. L., & DeWaard, J. R. (2003). Biological identifi‑
cations through DNA barcodes. Proceeding of the Royal Society of London, 
B, 270, 313–321.

Iyiola, O. A., Shaibu, R. D., Olalere, S., Adelaja, O. J., Kamaldeen‑Ibrahim, A. T., 
Fadipe, T. O., Alaba, A. E., Adejuwon, S. F., & Oyinlola, B. O. (2020). Genetic 
diversity and molecular characterization of mosquitoes (Diptera: Culici-
dae) In North‑Central Nigeria using ribosomal DNA ITS2 and mitochon‑
drial 16S-DNA sequences. Iraqi Journal of Veterinary Medicine, 44(2), 78–91.

Krüger, A., Obermayr, U., Czajka, C., Bueno‑Marí, R., Jöst, A., & Rose, A. (2014). 
COI sequencing for invasive mosquito surveillance in Germany reveals 
genetically divergent specimens near Aedes geniculatus (Diptera: Culici‑
dae). Journal of the European Mosquito Control Association, 32, 22–26.

Kumar, N. P., Rajavel, A., Natarajan, R., & Jambulingam, P. (2007). DNA barcodes 
can distinguish species of Indian mosquitoes Diptera: Culicidae). Journal 
of Medical Entomology, 44, 1–7.

Lamidi, T. B., Alo, E. B., & Naphtali, R. S. (2017). Mosquito species diversity and 
distribution in three riverine communities in Taraba state, North‑eastern 
Nigeria. IOSR Journal of Pharmacy and Biological Science, 12(2), 21–28. 
https:// doi. org/ 10. 9790/ 3008‑ 12020 32128

Molina‑Cruz, A., Lehmann, T., & Knockel, J. (2013). Could culicine mosquitoes 
transmit human malaria? Trends Parasitology, 29(11), 530–537.

Msugh‑Ter, M. M., Palegh, A., & Aondowase, D. A. (2017). Anopheles and Culex 
Mosquito species diversity and its epidemiological implications in the 
Makurdi area of Benue State, North Central Nigeria. Annals of Experimental 
Biology, 5(1), 9–13.

Oduola, A. O., Olojede, J. B., Oyewole, I. O., Otubanjo, O. A., & Awolola, T. S. 
(2013). Abundance and diversity of Anopheles species (Diptera: Culici‑
dae) associated with malaria transmission in human dwellings in rural 
and urban communities in Oyo State, Southwestern Nigeria. Parasitology 
Research, 112(10), 3433–3439. https:// doi. org/ 10. 1007/ s00436‑ 013‑ 3522‑0

Owusu, H. F., Chitnis, N., & Müller, P. (2017). Insecticide susceptibility of 
Anopheles mosquitoes changes in response to variations in the larval 
environment. Scientific Reports, 7(1), 3667–3675. https:// doi. org/ 10. 1038/ 
s41598‑ 017‑ 03918‑z

Rozo‑Lopez, P., & Mengual, X. (2015). Mosquito species (Diptera, Culicidae) 
in three ecosystems from the Colombian Andes: Identification through 
DNA barcoding and adult morphology. Zookey, 513, 39–64.

Scott, J. A., Borgdon, W. C., & Collins, F. H. (1993). Identification of single speci‑
men of Anopheles gambiae complex by the polymerase chain reaction. 
American Journal for Tropical Medicine and Hygiene, 49, 520–529.

Sharma, M., & Chaudhry, S. (2010). Molecular Cytogenetics of some Anopheles 
mosquitoes (Culicidae: Diptera). Electronic Journal of Biology, 6(1), 13–18.

Shouche, Y. S., & Patole, M. S. (2000). Sequence analysis of mitochondrial 16S 
ribosomal RNA gene fragment from seven mosquito species. Journal of 
Biosciences, 25(4), 361–366.

Weitzel, T., Gauch, C., & Becker, N. (2012). Identification of Anopheles daciae in 
Germany through ITS2 sequencing. Parasitology Research, 111, 2431–2438.

Zink, R. M., & Barrowclough, G. F. (2008). Mitochondrial DNA under siege in 
avian phylogeography. Molecular Ecology, 17(9), 2107–2121.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s41936-019-0112-4
https://doi.org/10.1093/jme/tjw102
https://doi.org/10.1007/978-3-540-92874-4
https://doi.org/10.1007/978-3-540-92874-4
https://doi.org/10.9790/3008-1202032128
https://doi.org/10.1007/s00436-013-3522-0
https://doi.org/10.1038/s41598-017-03918-z
https://doi.org/10.1038/s41598-017-03918-z

	Molecular characterization and phylogenetic analysis of collected mosquitoes (Diptera: Culicidae) from Northcentral Nigeria using mitochondrial COI and ribosomal IGS gene regions
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Sample collection
	Morphological identification
	DNA extraction
	PCR amplification of the mitochondrial cytochrome oxidase subunit I (COI) region
	PCR amplification of the intergenic spacer (IGS) region

	Phylogenetic analysis

	Results
	Species composition
	Molecular analysis and PCR amplification
	Phylogenetic analysis


	Discussion
	Conclusions
	Acknowledgements
	References


