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ABSTRACT

Culex is a genus of mosquitoes belonging to the family Culicidae. These species are the primary
vectors for diseases like the West Nile virus, St. Louis encephalitis, lymphatic filariasis, and
agricultural pests. The species are distributed all over the world with overlapping species distribution.
To date, it is assumed that the Culex molestus ecotype originated and evolved in London underground
tunnels during WWII, when people took shelter. We tested this hypothesis by constructing
phylogenetic trees containing different ecotypes and species of Culex. We charted the ecological
range of C.pipiens and C.molestus and investigated the evolutionary history of the Culex species using
the CO1, IGS & ITS2 gene sequences. We find some indication that C.pipiens and C.molestus form
a species complex at best. In all the phylogenetic trees we constructed, C.pipiens and C.molestus
shared the same ancestor and showed long branch lengths indicative of a long evolutionary history.
This indicates that C.molestus could not have evolved in London tunnels during WWII. C.pipiens in
all the trees showed longer branch lengths as compared to C.molestus. Our study supports the concept
that evolution selects from an already existing pool of genetic variants to evolve different ecotypes
and species.
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1.Introduction

Culex is a genus of mosquitoes that includes over 1000 species worldwide. They are found in all
regions of the world, except for Antarctica (3). Many species of Culex mosquitoes are important
vectors of diseases such as West Nile virus, St. Louis encephalitis, and lymphatic filariasis (4). Culex
mosquitoes are typically active at dusk and dawn, and they can breed in a variety of aquatic habitats,
including stagnant pools, ponds, and even discarded containers (5). Some species of Culex
mosquitoes are also important agricultural pests, causing damage to crops such as rice (6). C pipiens
pipiens (C.pipiens) and C pipiens molestus (C.molestus) are two ecotypes that also differ in some
morphological and behavioural and biological characteristics. Where C.molestus is autogenous,
stenogamous, and anthropophilic, and C.pipiens is eurygamous, anautogenous, capable of diapause
and mainly feeds on bird blood. C.pipiens is present both outdoors and indoors, however, C.molestus
is present only indoors (13). Culex molestus can produce a limited number of eggs without the
vertebrate blood meal. During the reproductive cycle, It requires a protein that is mainly present in
the human blood (15).

C.molestus was first noticed during the time of world war 11 that is between 1940 and 1941 in Europe
in subway tunnels in London (8). People used to frequently take shelter in the underground tunnels
because of the bombing aboveground. These people suffered from a new type of mosquito that was
aggressively biting humans. So it was thought that the bird-biting Culex pipiens may have evolved
into Culex molestus adapted to bite humans and feed on their blood (9). In 1999 Byrne and Nicols
conducted a study using allozymes, which revealed some evidence that the mosquitoes inhabiting the
London underground were reproductively isolated from their counterparts residing aboveground (14).
Furthermore, their study put forward the hypothesis that these underground mosquitoes underwent
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evolutionary changes within their specific environment, suggesting an in-situ evolutionary process
(14). However, there is some evidence that Culex mosquitoes with the type of behaviour exhibited
by the molestus type may have existed way back in the 17th century in Egypt (13). At least in one of
the sculptures of an Egyptian Pharaoh one leg is shown as swollen like in Elephantiasis disease
indicating the prevalence of man-biting and disease-transmitting culex mosquitoes(16). Two ecotypes
are maintained as distinct ecotypes even though they can interbreed between them. Even when
C.pipiens and C.molestus are present in the same environment like above ground habitat they still
show behavioural differences. However, each of the ecotypes is confined to a certain region down
the latitude though there is a region that harbours both ecotypes. The behaviours and some characters
also gradually vary as a gradient within each ecotype down the latitude.

The phylogenetic tree provides evolutionary relationships among various biological species based on
similarities and differences in their physical or genetic characteristics.

Based on the anecdotal shreds of evidence and observed cline in characters of each ecotype we
hypothesised that Culex pipiens molestus may have shared a long history with Culex pipiens pipiens
rather than the short believed duration from WWII. Here we constructed a phylogenetic tree for many
species of Culex which includes C.pipiens and C.molestus, from different regions of the world to
decipher the evolutionary relationship between the two ecotypes. Based on several phylogenetic trees
we conclude that C. molestus share a long evolutionary history and have accumulated far greater
genetic differences between the two ecotypes. We also propose that Culex pipiens may be a species
complex.

2.Materials & Methods

2.1 Sequence retrieval: Nucleotide sequence from (HQ724614.1) CO1 gene of Culex pipiens
pipiens from Tunisia mitochondrion complete genome. Nucleotide sequence from (U22120.1) ITS2
gene of Culex pipiens pipiens. Nucleotide sequence from (GU911333.1) IGS gene of Culex pipiens
pipiens.

2.2 Retrieval of gene:

Retrieval Of CO1 gene: Accession number HQ724614.1 was used to query the database using Blastn.
451 sequences were retrieved with taxon ID 7174 that fulfilled a Criteria of query coverage of 50%.
Also did a dataset of the sequences. the common sequences of the species which are common in all
the 3 genes(IGS, CO1&ITS2)

Retrieval Of ITS2 gene: Accession number U22120 was used as a query to search the database using
Blastn. 8 sequences were retrieved from the selected(common species in IGS &CO1) species of culex
with taxon ID 7174 that fulfilled a Criteria of query coverage of 50%.

Retrieval Of IGS gene: Accession humber GU911333 was used as a query sequence to search the
database using Blastn. 9 sequences were retrieved from the selected(common species in ITS2 /CO1)
species of culex with taxon 1D 7174 that fulfilled a Criteria of query coverage of 50%.

2.3 CD-HIT: Removal of redundant sequences was done using CD hit in the Galaxy Pasteur tool
(Version 4.8.1). (1) withathreshold frequency of 1.0 and a word length of 5. This reduced the number
of sequences in the CO1 dataset.

2.4 Location Retrieval: For the sequences which remained in the MSA for those sequences the
locations of the sequences were collected from GenBank data and represented in the map(Fig. 1)

2.5 Multiple sequence alignment(MSA):

MSA of CO1: From the obtained 317 sequences multiple sequence alignment took the sequence
length of 720 base pairs and removed the sequences which don't have a minimum sequence coverage
of 70% have been removed. and sequences that don't have sequence similarity were removed.

MSA of ITS2:1n the obtained 8 sequences the sequence length 458 base pairs did multiple sequence
alignment.

MSA of IGS: In the obtained 9 sequences the sequence length 458 base pairs did multiple sequence
alignment.

MSA of CO1:In the obtained 9 sequences the species present commonly in all 3 genes.
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MSA of All 3 genes: By Merging the Multiple sequence alignments of all 3 genes(91GS sequences,9
CO1 sequences & 8 ITS sequences).prepared the MSA.

2.6 Partitionfinder: The obtained results of MSA of the CO1, ITS & IGS genes were converted into
phylip format with the help of Geneious prime and changed the configuration folder in the
partitionfinder2 program(10) by changing the model of evolution to all. by using the greedy
algorithm(11) and this program was carried out on Anaconda2 with Python 2.7.16 to identify the best
model for evolution.

2.7 Bayesian Analysis:

MrBayes(3.2.7a)(12) is used with the Windows command prompt ran the Mrbayes software and used
the code obtained by the Partitionfinder-2 and Carried the analysis until the 45,000 generations and
obtained average standard deviation(S.D) value as 0.014601 for MSA of 5 Sequences dataset
containing all 3 genes given the phylogenetic tree shown in Fig. 11. For an MSA of 9 sequences
dataset containing all 3 genes analysis carried out for 65,000 generations obtained the S.D value
0.011749 given the below phylogenetic tree shown in Fig. 12. For an MSA of 9 sequences, a dataset
of IGS gene analysis carried out for 80,000 generations obtained the S.D value 0.014707 given the
phylogenetic tree as shown in Fig.16. For an MSA of 8 sequences, a dataset of 1TS2 gene carried
analysis for 33,000 generations obtained the S.D value 0.013325 given the phylogenetic tree as shown
in Fig. 9 For MSA 9 sequences, a dataset of CO1 gene analysis carried out for 60,000 generations
obtained the S.D value 0.019378 given the phylogenetic tree as shown in Fig. 10. For an MSA of 267
sequences, a dataset of CO1 gene carried analysis for 26,00,000 generations obtained the S.D value
0.019648 given the phylogenetic tree as shown in Fig. 13.

3.RESULTS

Retrieval of geographical location:

The finalised 267 sequences which are used in the CO1 gene MSA from different species and
ecotypes and their location were retrieved (Table 3). Our list contained 66 Sequences from the
southern hemisphere and 95 Sequences from the Northern hemisphere and 52 Sequences from the
Equator region (Fig. 1). 54 Sequences whose locations were unspecified ( location not found in
GenBank data) were also retrieved. All sequences were retrieved from the NCBI GenBank database,
and a map of Culex pipiens pipiens and Culex pipiens molestus distribution around the world was
constructed using Mapchart(2) (Fig. 2) based on the dataset (Table 1,2 & 3). It shows that C.pipiens
pipiens are distributed only in the northern region but C.pipiens molestus were distributed in both the
northern and southern regions.

Fig. 1: Geographical distribution of Culex species created using Mapchart(2), based on the available
COI gene dataset retrieved from GenBank. Countries depicted in colour have reported the CO1 gene,
while grey countries have not. Different colours represent different numbers of samples shown in the
legends.

@2023, IJETMS | Impact Factor Value: 5.672 | Page 851


https://drive.google.com/file/d/1vLQC2zdN9cMVxiaAU73RZOnu7UrG_9sR/view?usp=sharing
https://www.mapchart.net/index.html
https://drive.google.com/file/d/1jijRm0pmPTdJBhWsO8UHfygGroHiyhYn/view?usp=sharing
https://drive.google.com/file/d/1rYYd-xpY28-qkscCPU8HS_IRc1EymfWr/view?usp=sharing
https://drive.google.com/file/d/1vLQC2zdN9cMVxiaAU73RZOnu7UrG_9sR/view?usp=sharing
https://www.mapchart.net/index.html

—

40 International Journal of Engineering Technology and Management Sciences
Website: ijetms.in Issue: 3 Volume No.7 May - June — 2023
DOI1:10.46647/ijetms.2023.v07i03.130 ISSN: 2581-4621

Geographical locations

Il C.oipiens pipiens &
C.pipiens molestus
B Cpipiens pipiens

[ Cpipiens molestus

Crealed with mapchart.net

Fig. 2: Geographical distribution of Culex pipiens pipiens(blue), Culex pipiens molestus (purple) &
both Culex pipiens pipiens and Culex pipiens molestus (red) together are shown. Map created using
Mapchart(2).

We can see that there is a clear gradient in the distribution of the ecotypes of C. pipiens pipiens and
molestus. This may be because of their differing adaptive phenotypes. For example, in Europe, Culex
pipiens pipiens is confined to the more temperate northern region. While the culex pipiens molestus
occupies the southern part of Europe and the Mediterranean.

We hypothesised that Culex pipiens molestus may have evolved in natural conditions dictated by the
changing environments coming from north to south. And not in underground train stations during
world war Il when people took shelter to avoid bomb explosions on the ground. To delineate the
evolutionary relationships we constructed different phylogenetic trees.

To find the evolutionary position of molestus and pipiens ecotypes of Culex pipiens concerning each
other and with other species, we created phylogenetic trees. We retrieved 451 mitochondrial
Cytochrome Oxidase 1 (CO1) sequences from the NCBI GenBank database using NCBI Blastn.
These sequences were run in CD Hit Galaxy Pasteur (version:4.8.1). to remove redundant sequences
which were 100% identical due to which some 134 sequences were removed (Table 1).

Multiple sequence alignment was done for the CO1 dataset (Tables 2 & 3) by Muscle alignment in
MEGA (Molecular Evolutionary Genetics Analysis) version 11.0.13. We manually removed 50
sequences(Table 2). which include highly dissimilar sequences that were skewing the MSA and
sequences which did not meet the criteria of a minimum length of 502bp (70 % of the original length)
were removed. We obtained the MSA of the remaining 267 sequences(Fig. 3).
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DNA Sequences Translated Protein Sequences

SggceslAbbrv . 5

230. MW339720.1:C taeniopus C:Mexico

231 MW363413 1.C bastagarius C Unspecified
232 MW476148.1:C bhutanensis C:Bhutan

233. MW476154.1.C nr tsengi TPTG C.Bhutan
234 MW476158.1:C jacksoni C:Bhutan

235. MWA476160.1:C nr tsengi JbTG-1 C:Bhutan S - e s e e e - - - - - - - -
236. MW476161.1:C murrelii C:Thiland

237 MW535803 1.C pipiens complex sp. CROBB167 C.Croatia
238 MW535821 1.C pipiens complex sp. CROBBE53 C-Croatia
239, 1:C.pipi CROBB168 C Croatia
240. MWS549523 1.C longitubus C:Bhutan

241. MW555571.1.C bitaeniorhynchus Cindia Kerala

242 MW610606.1:C environmental sample C USA

243. MW922750.1.C infula voucher CUMMG3 Ciindia

244 1.C C

245, MZ571195.1.C pusillus C:Kuwait

246 NC_036005 1:C usquatus

247. NC_036008.1.C.camposi

248 NC_037797 1.C surinamensis

249. NC_037809.1:C bidens

250. NC_037822.1.Culex declarator

251. NC_037823.1:C nigripalpus

252. NC_037825.1:C lygrus C:Unspecified

253. NC_037826.1:C chidesteri

254 NC_037828.1.C brami C.Unspecified

255 NC_054314.1:C australicus C:Australia

256. NC_054315.1:C.cylindricus C:Unspecified

257. NC_054316.1:C fergusoni C:Australia

258. NC_054317.1.C.orbostiensis C Austrelia

259 NC_054318.1.C sitiens C:Australia

260. OK493329.1 C intaeniorhynchus S.JP74Sg3N2C Japan i
261, OK493363.1.C pseudovishnui 8:JP252KGI823N1C Japan
262. OK493369.1:C vishnui S:PH47BT4 C:Philippines
263 0L457138.1.C simpsoni C:Unspecified

264. OM743504 1:C sp. C-Unspecified

265 ON428528.1.C rima C:Kenya

266. OP208067.1:Nr.C mimeticus C-Bhutan {
267. OP208068.1:Nr.C tsengi C Bhutan (

Fig. 3: Multiple Sequence alignment of CO1 gene dataset(Table 3).

Intergenic spacer sequences (IGS) sequences from 9 species (Table 5) were retrieved by Blastn using
a C.pipiens pipiens sequence of AC.No GU911333 as a query. Those species which were common to
the CO1 dataset () were selected for MSA (Fig. 4).

DNA Sequences

SpeciesiAbbr* ||| =[*[ =] *[=[* = = |= =[x =] =[x =] [=[=[=[=[=[*] [*[*=]x = [= =[] [=[=l=lwlx = [=[=[=[=[*] [*l= w]= e[ [=[=[=[* =l xixiw]x =[x =] =] === [*[ =[x =[x lx e w e [e = = e 2%
1.6U911333
2.6GU911312 |
3. GU911345,

4 JX500433
5. JX500436
6. MT808440.
7. MTB0B435.
8. MT808439
9 JX500437

Fig. 4. Multiple Sequence alignment of IGS gene dataset(Table 5).

Similarly, MSA was done on 9 species (Table 4) using CO1 sequences (Fig. 5).

DNA Sequences Translated Protein Sequences

1.GU289224
2. MN389460

3 FN395201
4. KP293422,
5. 0K493372.
6. MT293494.
7 MT993489
8 MT393493.
9. FN395200

Fig. 5: Multiple Sequence alignment of CO1 gene dataset(Table 4).

And 8 species (Table 6) using ITS sequences retrieved by Blastn using a Culex pipiens pipiens
sequence of Ac.No U22120. The sequences which were common to CO1 & IGS (Tables 4 & 5)
datasets were selected for MSA (Fig. 6).

DNA Sequences Translated Protein Sequences

6.0L470275.1 - - - BCBTECECBACACCBAACT - - - - - -CCCTEBACBBTEBABAATACATCCCACACACCAACCTBECTTBBGCECCBATETABCATCTCTCA . - - - -
7. OPB0OB100.1 - .
B.UZ2120.1C.

Fig. 6: Multiple Sequence alignment of ITS-2 gene dataset (Table 6).

All three genes (Tables 4, 5 & 6) were collated and MSA was done with the collated set of 9 Culex
species (Fig. 7). Also for the collated genes of 5 Culex Species MSA was done (Fig. 8).
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Fig. 8: Multiple Sequence allgnment of Collated genes of 5 Culex Sspecies.

Pictures of all MSA are represented in the supplementary section.
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Partitionfinder: To find the best model and partition the data we used partition finder 2. Cytochrome
oxidase gene is a protein-coding gene we partitioned into three positions, each for one of the positions
in the codon. This is because each of the codon positions evolves at different rates, especially the
third base evolves at a different rate than the rest of the two because of 3rd base degeneracy. ITS2
and 1GS were not partitioned according to the codon positions because they are non-protein coding
genes. The best models as predicted by partition 2 for each of the gene and each of the positions in
the codon is given in Table 7.

SL. | MSA Partitions Best Model for
No Analysis
1 CO1 gene dataset (267 | Genel posl (1-720/3) GTR+I+G
Sequences) Genel_pos2 (2-720/3)
Genel_pos3 (3-720/3)
2 CO1 gene dataset Genel posl (1-1101/3) F81+l
(9 sequences) Genel _pos2 (2-1101\3) | TIM+G
Genel pos3 (3-1101\3) TRN+I
3 ITS2 gene dataset Genel (458) K81UF+I
(8 sequences)
4 IGS gene dataset Gene 1 (458) TV MEF+I
(19 sequences)
5 All 3 genes combined dataset Genel posl (1-1101\3) F81
(19 sequences) Genel pos2 (2-1101\3) | KBLUF+G
Genel pos3 (3-1101\3) TRN+G
Gene2 (1102-1559) TVM+I+G
Gene3 (1560-2017) K81UF+I
6 All 3 genes combined dataset Genel posl (3-1101\3) F81
(5 Sequences) Genel _pos2 (3-1101\3) | HKY
Genel pos3 (3-1101\3) F81
Gene2 (1102-1559) K80+I+G
Gene3 (1560-1960) K80+I+G

Table 7: Partition Test 2 analysis to find the best evolutionary model for Bayesian analysis
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Bayesian Analysis:
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JX500436 C pipiens pallens Japan
0.0035 i
GU311345 C quinquefasciatus Japan
00143
0.0023
MTB08440 C perexiguus Unspecified
0.0024
n.0028 0.0038
0.0118
0.0038
0.0027 MTB08439 C modestus Unspecified
0.006
0.0008 M "
—— MT808435 C theileri Unspecified
0.0028
o.0087
0.0025 . )
GU311333 C.pipiens pipiens Unspecified
0.0034
0.0053
0.0009 - - -
E=— GU311312 C pipiens malestus Unspecified

JXB00437 C torrentium Russia

0.002

Fig. 9: Phylogenetic tree of Culex species created using Intergenic spacer(IGS) gene sequences &

C.torrentium as an outgroup(17).
The IGS tree is showing that C .pipiens pipiens and C. pipiens molestus are sister ecotypes through

C.pipiens pipiens showing a long branch length indicating accumulation of variation in the 1GS

sequence.

00278

MF288849 C.theileri China

o004
[ KU495644 C pipiens molestus Australia

0.185

— 01028

odota
[ MF288837 C pipiens pallens China

00013
0.178aMKS72099 C modestus Germany
Dmi
o.1218
0oz
22120 C.pipiens pipiens Unspecified

oo1a
MT151945 C pipiens(northernhouse) Golombia

00358

"
nnnnn

OP806100 C.quinquefasciatus Mexico

0L470275 C torrentium Russia

[T

Fig. 10: Phylogenetic tree of Culex species was created using Internal transcribed spacer-2 (ITS-2)
gene sequences C.torrentium as an outgroup(17).

.00t
GU289224 C piplens pipiens France

ogois
OANEB5201 C quinquefasciatus India

o7
KP293422 C pipiens (northem house) USA

oazre 007
OK493372 C pipiens pallens Japan

MT333434 C perexiguus Unspecified

nnnnn

””””” o0o8a1

MT93488 C.thileri Unspecifisd

MT993493 C.modestus Unspecified

Fig. 11: Phylogenetic tree of Culex species created by using Cytochrome C Oxidase 1(CO1) gene

sequences C.torrentium as out grouped
In this tree based on CO1 ( Fig. 11), we see that C. pipiens pipiens and C. pipiens molestus are sharing
the same node and are more closely related than any of the other culex species. The branch lengths
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of the pipiens clade are almost nil compared to the branches because we have included other species
of Culex in the phylogenetic tree. This shows that all the different ecotypes ( pipiens, molestus,
quinquefasciatus, and pallens) are almost more closely related to each other than to any other species.
It also implies that the CO1 gene is highly conserved between the two ecotypes.

C pipiens narthermnh

aaaaa

C.pipiens pallens

nnnnn
nnnnn

nnnnn

C pipiens pipiens

aaaaa

nnnnn

nnnnn

ooooo

Fig. 12: Phylogenetic tree of Culex species created by using All 3 (CO1, ITS&IGS,) gene sequences
considering only the subspecies and ecotypes, C.quinquefasciatus is out grouped.

The phylogenetic tree constructed using only the Culex ecotypes (Fig. 12) suggests that C.pipiens
pipiens & C.pipiens molestus are more closely related than any of the other subspecies. This indicates

C theileri

C torrentium

Fig. 13: Phylogenetic tree of Culex species created using All 3 (CO1, ITS & IGS,) gene sequences
considering subspecies and other species of Culex. Rooted by midpoint rooting

When we included other species in the collated gene tree(Fig. 27) ( COL, ITS & IGS) we found that
the subspecies including C .pipiens and C . molestus were so closely clubbed with other subspecies
that we can speculate that they form a species complex. Also, since each gene has a different origin
concerning the location, it will be hard to interpret the collated tree. The three genes might have
accumulated variation characteristics of the local regions.
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Fig. 14: Phylogenetic tree of Culex species created using Cytochrome Oxidase 1 (CO1) gene
sequences and C.hortensis an outgroup(17).

A holistic tree created out of 267 sequences shows that C pipiens pipiens is not monophyletic and is
seen spread across different clades. One sample ( FN395181) is seen clubbing with C.pipiens
molestus (FN395171). since both are from the same geographical location ( Russia). The other C
pipiens ecotypes are from different countries ( Russia, Sweden & France). It might be that C.pipiens
pipiens ecotypes have varied highly among different geographical locations or that based on the
morphological and behavioural characteristics some of the ecotypes are misidentified. We can see
that the Culex pipiens pipiens of Europe ( Sweden and France) are in different clades while Culex
pipiens pipiens and molestus of Russia are in one clade.

The long branch lengths between C.pipienes and C. molestus of Russia imply that they may have had
a long time between them to evolve and accumulate variation sufficient to be called members of the
Culex pipiens species complex. This result directly counters the assumption that C.molestus
originated in London underground subways during world war Il a few decades back. The time
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between World War Il and the present day is simply not sufficient to accumulate the variation that
justifies the branch length found in our analysis.

4.DISCUSSION

By constructing phylogenetic trees for the different culex species, subspecies, and ecotypes using
different genes, we observed there is a Culex species complex present. The evolutionary relationship
between C.pipiens and C.molestus is deep in the phylogenetic tree ( as observed in the Russian
samples) indicating a shared evolutionary time much older than World War 11. This supports earlier
anecdotal evidence ( as in the case of the Egyptian Pharaoh) that Culex molestus may have been in
circulation with mankind thousands of years before. The branch lengths between C. pipiens and C
molestus are longer than other branches between different species. showing that much faster
variations and In many of the C.pipiens and C.molestus originate from the same clade and in the CO1
gene 267 species tree(fig 14) having more than one C.pipiens pipiens gene and they distribute in the
different clades and it shows the species are much diversely distributed or the species are identified
by their characters, they may have some characters but they are different in there genetic distribution.
and in the 1GS.

By analysing the phylogenetic tree we get to know that the evolutionary relationship is resembling
that C.pipiens pipiens accumulating more variations over time as compared to C.molestus and also
as we observed that in the phylogenetic tree of 267 species the species (FN395171 & FN395181)
which are from Russia are showing huge genetic variations. These variations quantitatively are more
than what is required to distinguish between two established species. So we can say that the Culex
molestus might have evolved long back in WWII. Because accumulating such a huge variation
between the two ecotypes needs much more time than the recent WWII.

As we observed the many species in the case of C.pipiens pipiens in the phylogenetic tree we saw the
species which were identified as the C.pipiens pipiens are found in the different clades of the
phylogenetic tree showing that they are non-monophyletic. It could be because some of the samples
may be wrongly identified. Or pipiens may be a case of species complexity. A species complex is a
group of genetically different species that appear morphologically similar. The environment gradient
as we have seen in the C.pipiens and C.molestus as we observed in the map (fig.8) C.pipiens are seen
mostly in the northern hemisphere. And C.molestus is seen mostly in southern regions though there
is a region that overlaps between the two subspecies. The unique characteristics of C. pipiens are
sharply distinct in the northern region. However, as we move south the characters become less unique
to C pipiens and share some of the characteristics of C molestus. This gradient of characters agrees
with our findings that C molestus was present much before and adapted with characters suitable to
different environmental regions. This adaptability is a consequence of long-time evolution and
contradicts the theory that C molestus originated in London tunnels.

The species' complex formation and also the non-monophyletic distribution of C. pipiens indicate
that the species may have undergone hybridisation in regions where the two subspecies overlap as we
see in Russia. ( Fig. 14).

As the data we used for constructing the phylogenetic tree is obtained from the NCBI GenBank data
and the sampling was dictated by only what is available in public databases, this interpretation might
be biased. A thorough sampling representing different regions in the north-south gradient could
provide a more accurate picture of the evolutionary relationship between the two subspecies. A
concatenated set of multiple loci from the same samples can also improve confidence in the
phylogenetic tree.

Significance of our study: It helps the researchers to understand the drivers of species evolution in
mosquitoes which can be translated to efficient control measures.

CONCLUSION: In conclusion, C.pipiens and C.molestus since sharing a long branch between them
in the phylogenetic tree, we can say that they both share a long evolutionary history than the recent
World War Il constraints.
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