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Abstract: Present study was performed to identify and confirm collected larval Chironomid up to species level. To
assess molecular taxonomy and phylogeny, DNA barcoding was done using Sanger dideoxy sequencing of
mitochondrial cytochrome c oxidase subunit [ (COI) gene of larval sample. Bioinformatics analysis was done by
using NCBI's BLAST software. By evidence of DNA barcoding, it was confirmed that present larval chironomid

species was Chironomus circumdatus Kieffer, 1916.
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Introduction

Chironomids are non-biting holometabolous
cosmopolitan midges and one of the most
abundant dipterans found in all lentic and
lotic freshwater ecosystems (Ferrington,
2008). It comprises at least more than10000
species but roughly more than 6000 are
known to us. This family can tolerate wide
range gradients of oxygen concentration, pH,
salinity and temperature. Chironomids have
four life stages (egg, larvae. pupae and adults)
with most of their life spent as larval stage

(Armitage et al., 1995). They originated and
also have fossil record from Triassic about
248-210 mya. (Cranston et al., 2010). They are
found in all zoogeographic regions of the
World (Ashe et al, 1987). One of the
cryptobiotic sleeping chironomid Polypedilum
vanderplanki also shows anhydrobiosis
(Cornette et al, 2010; Gusev et al, 2014).
Chironomus circumdatus is one of the most
common and widespread species of
Chironomidae in India (Kumar and Gupta,
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1990). It is also reported from Jaipur,
Rajasthan (Sharma and Gupta, 2014). It has
four polytene chromosomes (2n=8) with
pseudothummi cytocomplex combination AE,
BF, CD and G (Kumar and Gupta, 1990;
Chingangbam et al, 2017). Morphological
identification of larval chironomids is very
hard and taxonomic expertise needed for
species identification is lacking. Larval keys
usually identify only up to genera level and
identification up to species level is only
possible by rearing larvae and collecting
adults. Thus DNA barcoding seem promising
in taxonomic assessment of chironomid
community assessment (Failla et al., 2016).

DNA barcoding is a useful and powerful

tool for molecular identification and
confirmation of unknown and cryptic species
at each and every stage of life cycle. It can be
performed on monotypic samples consists of
either whole or part of an organisms. DNA
barcoding generally use a fragment of
standard mitochondrial cytochrome c oxidase
subunit [ gene (COI/COX1) but other genes
may also be used (Yong-Yi et al, 2013). This
technique uses PCR to amplify a fragment of
COI gene with aid of universal primers, which
is further sequenced and compared to a
database of known organisms. Universal DNA
primers (viz. LCO 1490 of 25 bp [5-
GGTCAACAAATCATAAAGATATTGG-3"]  and
HCO 2198 of 26 bp [5°-
TAAACTTCAGGGTGACCAAAAAATCA-3']) are
a 710 bp fragment of the mitochondrial
cytochrome c oxidase subunit I (COI) gene
derived from eleven invertebrate phyla (viz.
Annelida, Arthropoda, Cnidaria,
Echinodermata, Echiura, Mollusca,
Nemertinea, Platyhelminthes, Pogonophora,

Sipuncula and Tardigrada). In the code names

above LCO refer to light cytochrome oxidase
and HCO refer to heavy cytochrome oxidase.
The numbers (1490 and 2198) refer to the
position of the Drosophila yakuba 5
nucleotide (Folmer et al., 1994). COI gene is
generally a closed single circular DNA (Larse
et al, 2010). These universal primers were
originally designed from three coding and six
anticoding strands by comparing highly
conserved regions of mitochondrial COI genes
across eleven taxa listed above (Sharma and
Kobayashi, 2014). Mitochondrial COI gene has
been accepted as the standard barcode due to
its reliability and robustness (Boehme et al,
2012). However, DNA barcoding also has
such as recent

limitations speciation,

incomplete lineages, interspecific hybridi-
zation, infection by endosymbiotic bacteria
such as Wolbachia etc. which may negatively
affect result of DNA barcoding in insects (Lars

et al., 2010; Virgilio et al.,, 2010).

The present study was performed to
identify and confirm up to species level the
collected larval Chironomid samples from
Jaisamand Lake and Rajsamand Lake,

Rajasthan, India.
Materials and Methods

Larval Chironomid samples were collected
from Jaisamand Lake and Rajsamand Lake,
Rajasthan, India and carried to the laboratory
in plastic bottles. In laboratory identification
up to genera level was done under microscope
using available taxonomic keys (Epler, 2001).
Yet to confirm up to species level, Sanger
sequencing of mitochondrial cytochrome c
oxidase subunit I (COI) gene of larval sample

was done. For this, larval samples of
Chironomus  were sent to Dextrose
Technologies Laboratory, Bangalore,
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Karnataka. = Experimental protocol and

methods adopted are as follows:
DNA isolation and extraction:

DNA was isolated from Larval sample using
Genei DNA extraction kit. Extracted DNA was
eluted in 25 pl of nuclease-free water.

PCR amplification using universal primers:

Isolated DNA of larvae was subjected to
amplification through forward and reverse
DNA sequencing reaction of PCR product was
carried out with LCO 1490 (5’-GGTCAAC
AAATCATAAAGATATTGG-3") and HCO 2198
(5’TAAACTTCAGGGTGACCA  AAAAATCA-3)
universal primers in 25 pl reaction volume,
using thermo cycler (Biorad T100 gradient
PCR). Composition of reaction mixture for PCR
is given in Table 1. The PCR was carried out

according to the cycle condition mentioned in
Table 2.

Table 1: Composition of reaction mixture for PCR

S. No. Components Quantity
1 Nuclease free To make up volume for
water 25 ul
2 DNA 100ng
3 Primer 1wl
5 2X PCR Master 12.5ul
Mix
6 Total Volume 25 ul

Quality check of DNA using agarose gel
electrophoresis:

The isolated DNA, products were analyzed on
1% of agarose gel (Fig. 1). The methodology is
given below:

e 1% agarose was prepared in 100 ml
1xTAE buffer and was dissolved by
heating.

e It was then, cooled down and ethidium
bromide (10 pg/ml) was added.

e Comb and the casting try was set, into that,
the molten agarose containing ethidium
bromide was pour and was allowed to
solidify.

e The DNA (100 ng) was loaded with 6X
loading dye, along with 500 bp DNA
ladder.

e The resolved DNA was documented
through gel documentation system.

Table 2: Thermal cycler reaction condition

S. Steps Temperature | Time | Cycles
No.
1 Initial 94 C 4 min 1
Denaturation
2 Denaturation 94 C 40 sec
3 Annealing 47C 40 sec 35
4 Extension 72C 45 sec
5 Final 72C 20 1
Extension min
LANE1 LANE 2
5kb
2500 bp
1500 bp
1000 bp
500 8¢ 696 bp

Fig. 1: Gel photograph: (Lane 1. 500 bp DNA Ladder;
Lane 2. amplified Sample DNA).

Sanger sequencing of amplicon:

The PCR amplicon was purified enzymatically
using Exo-SAP, as per the manufacturer
instructions (Applied Biosystem). After the
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purification, the products were subjected to
Sanger dideoxy sequencing using following
Sequencing Instruments and Chemistry:

e ABI 3130 genetic analyzer
e Chemistry cycle sequencing kit
e Bigdye terminator version 3.1

e Polymer and capillary array: POP_7 pol
capillary array

e Analysis protocol: BDTv3-KB-Denovo_v

5.2
Bioinformatics analysis:

Bioinformatics and phylogenetic analysis was
done by us using NCBI's BLAST software
(https://blast.ncbinlm.nih.gov/Blast.cgi). BLAST
(Basic Local Alignment Search Tool) is an

online search and alignment tool for
nucleotide sequences provided by NCBI
(National Center for Biotechnology

Information). It allows us to find regions of
similarity between nucleotide sequences. The
NCBI maintain a largest genetic sequence
database called GenBank; an annotated
collection of all publicly available nucleotide
BLAST compares the query
sequences to the database in order to find the

sequences.

most similar ones.
Results and Discussion

Taxonomic species identification of larval
chironomids is time consuming and difficult
due to morphological similarities in them.
Chironomid  species
confirmation using chromosomes is also not
possible due to chromosomal polymorphism
amongst members of same species. DNA
barcoding using COI gene is useful for species
confirmation but due to their abundance and

identification and

absence of available GenBank database, it is
also not feasible for all collected larvae. But in
this case we were lucky that database of
Chironomus circumdatus is available on
GenBank. Without available database we can
only conclude up to taxon up to which
database is available (Singh and Rawal,
2016a). Genus Chironomus is previously
reported from Jaisamand Lake, Fatehsagar
Lake, Pichola Lake, Udaisagar Lake and
Rajsamand Lake but their  species
confirmation was not done (Singh and Rawal,
2016b; Verma and Rawal, 2021; Prajapat and
Rawal, 2021). FASTA (Faster Alignment) is a
text-based format for representing either
FASTA (query)
sequence of our sample obtained (696 base
pairs) is as follows:

nucleotide  sequences.

TAAACTTCCAGGGTGACCAAAAAATCAAAATAAAT
GTTGATAAAGAATAGGGTCTCCACCTCCTGCAGGAT
CAAAAAAAGATGTATTTAAATTTCGATCAGTAAGA
AGTATAGTAATAGCTCCTGCTAATACAGGTAAAGA
AAGCAATAGGAGAACAGTAGTAATTACTACTGATC
AAACGAAAAGAGGTATTCGATCCAGAGTAATTCCA
TTAGCTCGTATATTAATAACTGTAGTAATAAAATT
TACTGAACCTAAAATTGATGATACTCCAGCTAAATG
TAAAGAAAAAATAGCTAAATCTACAGAAGCCCCAC
TATGAGCAATTGCTGCAGAAAGTGGAGGATAAACA
GTTCAACCAGTTCCTGCTCCATTTTCTACAAATGAA
CTAGAAAGAAGAAGAGTTAAAGAAGGGGGAAGAAG
TCAAAAACTTATATTATTTATTCGAGGAAATGCCA
TATCTGGTGCTCCTAATATAAGAGGAACAAGTCAA
TTTCCGAATCCCCCAATTAAAATAGGTATAACTATG
AAAAAAATTATAATAAAAGCGTGGGCTGTAACAAC
AACATTATAAATTTGATCATCACCAATGAATGTTCC
AGGTCGTCCTAATTCTGCTCGAATAAGCATTCTTAA
TGAAGTACCTACTATTCCTGATCATGCTCCAAAAAT
AATGTATAATGTTCCAATATCTTT.

Significant sequence similarity alignment
(top 10) obtained using BLAST is given in
Figure 2 and neighborhood phylogeny tree (at
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https://blast.ncbi.nlm.nih.gov/Blast.cgi

Fig. 2: Significant sequence similarity alignment obtained using BLAST.

Decin ____________lenfclane [ty Cor e Pt hcesin

Chironomus circumdatus isolate LOP18 cytochrome ¢ oxidase subunit |{COI) gene, partialcds; mitochondrial Chironomus circumdats G 0 9984 MN934I89L
Chironomus circumdatus solate EP1H cytochrome ¢ osidase subunit | (CO) gene, partialcds; mitochondrial - Chironomus circumdatus 8 0 9983 MN93ISTL
Chironomus ircumdatus isolate EBLG cytochrome ¢ ordase subunit | (COI) gene, partial ods; mitochondrial - Chironomus circumdats 9 0 9989 MNg3AI0L
Chironomus crcumdatus solate MNT cytochrome c oxidase subunit | (COI) gene, partalcds; mitochondrial — Chironomus circumdatus 9 0 9969 J08TIasd
Chironomus circumdatus isolate NS cytochrome ¢ oxidase subunit |{COI) gene, partialcds; mitochondrial -~ Chironomus circumdatus 9 0 9989.0287747.
Chiromomus circumdatus isolate LBBLD cytochrome c oxidase subunit (CO) gene, partialcds; mitochondrial- Chironomus circumdatus O 0 9968 MN%3T6L
Chironomus crcumdatus solate PPLD cytochrome ¢ oxidase subunit | (COI) gene, partialcds; mitochondrial - Chiromomus circumdatus 8h 0 9968 MN%34206.L
Chiromomus ircumdatus isolate PP2H cytochrome ¢ oxidase subunit|(COI)gene, partialcds; mitochonrial - Chironomus circumdatus 8 0 9967 MNS340.
Chironomus crcumdatus solate PPLC cytochrome ¢ oxidase subunit | (CO) gene, partil ods; mitochondrial - Chironomus circumdatus 8 0 9967 MN%345.L
Chiromomus ircumdatus isolate EP1M cytochrome ¢ oxidase subunit|(COI)gene, partialcds; mitochondrial - Chironomus circumdatus 8% 0 9967 MNG3MI6LL

Fig. 3: Neighborhood phylogeny tree obtained using BLAST.

Chironomus circumdatus isolate CMUS cytochrome ¢ oxidase subunit I (COI) gene, partial cds; mitochondrial
’Chironomus circumdatus voucher RE12 cytochrome c oxidase subunit 1 (CO1) gene, partial cds; mitochondrial
Chironomus circumdatus isolate MNG cytochrome ¢ oxidase subunit I (COI) gene, partial cds; mitochondrial
Q ' Chironomus circumdatus isolate MNS cytochrome ¢ oxidase subunit I (COI) gene, partial cds; mitochondrial
“l flies | 2 leaves
Chironomus circumdatus NIESB0082 mitochondrial COI gene for cytochrome ¢ oxidase subunit I, partial cds
9 Chironomus circumdatus voucher NIGLAS TL19 cytochrome oxidase subunit I (COI) gene, partial cds; mitochondrial
Chironomus circumdatus voucher TNM2 cytochrome ¢ oxidase subunit 1 (CO1) gene, partial cds; mitochondrial
Chironomus circumdatus mitochondrial COI gene for cytochrome ¢ oxidase subunit 1, partial cds, isolate: NIESD0606
il flies | 2 leaves
«ul flies | 3 leaves
~l flies | 2 leaves
' Chironomus circumdatus voucher KMCCS cytochrome ¢ oxidase subunit 1 (CO1) gene, partial cds; mitochondrial
k *Chironomus circumdatus voucher RECC103 cytochrome ¢ oxidase subunit 1 (CO1) gene, partial cds; mitochondrial
@lcl|Query_54093
Chironomus circumdatus isolate MN7 cytochrome c oxidase subunit I (COI) gene, partial cds; mitochondrial
ol flies | 2 leaves
) Chironomus circumdatus isolate LDP1B cytochrome ¢ oxidase subunit I (COI) gene, partial cds; mitochondrial
@l flies | 2 leaves

61 flies | 38 leaves

il flies | 5 leaves
Chironomus circumdatus isolate LDP1L cytochrome c oxidase subunit I (COI) gene, partial cds; mitochondrial
«aliflies | 3 leaves
) Chironomus circumdatus isolate MK6 cytochrome ¢ oxidase subunit I (COI) gene, partial cds; mitochondrial

| 0.003 | (8l flies | 7 leaves

il flies | 20 leaves

distance scale- 0.004) obtained using BLAST is  the per cent identity is, the more significant
given in Figure 3. Per cent Identity in our case  the match. Query cover in our case reported is
reported is 99.84% (Fig. 2). Per cent identity = 91% (Fig. 2). Query cover is a number that
is a number that show how similar the query = show how much of the query sequence is
sequence is to the target sequence. The higher  covered by the target sequence. This tells us

305



how long the sequences are relative to each
other. E value (expected value) in our case
reported is 0.0 (Figure 2). E value is a number
that show how many times we would expect a
match by chance in a database. The lower the
E value is, the more significant the match.

Conclusion

By evidence of molecular taxonomy and
phylogeny concluded by DNA barcoding, we
are 99.84% sure that present sample was of
chironomid species named Chironomus
circumdatus whose taxonomic classification
and hierarchy is as follows:

Domain-  Eukaryota/Eukarya; Kingdom-
Animalia; Subkingdom- Eumetazoa/Metazoa;
Clade (unranked) - Bilateria; Clade
(unranked) - Coelomata; Infrakingdom-
Protostomia; Superphylum- Ecdysozoa;
Phylum-Arthropoda; Superclass- Hexapoda;

Class- Insecta; Subclass- Pterygota; Infraclass-

Neoptera; Superorder- Endopterygota/
Holometabola; Order- Diptera; Suborder-
Nematocera; Infraorder-  Culicomorpha;
Superfamily- Chironomoidea; Family-
Chironomidae;  Subfamily- Chironominae;
Tribe- Chironomini; Genus- Chironomus;
Species- Chironomus circumdatus Kieffer,
1916.
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