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Introduction

The midges of family chironomidae (Diptera) are one

of the most common inhabitants of fresh water habitats such

as lakes, streams, pools and rivers (Epler, 2001; CheSalmah

and Abu Hassan, 2002). Almost 15000 species are described

across the globe. The larvae of Chironomidae are found to

exhibit a good bio indicator value (Anderson and Zhu 2004;

Pfenninger ., 2007). In the recent times, DNA based

methods have been used in studying taxonomy, identifying

certain cryptic species and life stages of Chironomidae

(Carew ., 2005; Ekrem ., 2007). Molecular

phylogeny, genetic divergence, morphological identification

of chironomid species have been extensively investigated by

many authors using mitochondrial genes (Carew ., 2003;

et al

et al et al

et al

Sharley ., 2004). Certain mitochondrial genes such as

cytochrome oxidae subunit I and II serve as markers in the

routine molecular phylogeny of chironomids (Guryev .,

2001). Due to its virtue of high degree of variation the

mitochondrial gene COI is routinely used in chironomid

species identification, phylognetic analysis and has been

used in other insects for similar purposes. (Guryev .,

2001; Sharley ., 2004; Carew , 2003). In

reconstruction of phylogenies among closely related insect

groups, the COII gene has been used by many workers due to

the presence of highly variable and conserved regions in it

(Emerson and Wallis, 1995; Foley ., 1998).

The routine DNA isolation methods yield both

genomic, as well as mtDNA. There is a concern with the
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A method was developed to extract mitochondria from chironomid larvae using in house lysis

buffer followed by proteinase K and DNase I treatments. Mitochondrial DNA was extracted using

modified CTAB protocol without using density gradient material. Grinding with liquid nitrogen,

phenol treatment steps were eliminated in this methodology. The quality of DNA obtained was

assessed by Nanodrop and evaluated by PCR and sequencing. Nanodrop Profile suggested that the

modified method was able to yield high quality than the genomic DNA isolate. CAD nuclear

primers were used against Cytochrome oxidase (COI &COII) primers in PCR to assess nuclear

DNA contamination in the mitochondrial DNA isolate, which was found to be negligible. An

optimum PCR amplification obtained with Cytochrome oxidase (COI and COII) primers resulted

in good intensity with clear electropherogram of the sequencing data. The sequencing data

analyzed using BLAST with NR database of NCBI genbank. The purity of mitochondrial DNA

was found to be 100% coverage. The method developed in the present study is useful in obtaining

pure mitochondrial DNA with cost effectiveness required for high throughput downstream

processes.
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quality and quantity of mtDNA while using for specific PCR

amplification and sequencing of mitochondrial genes. The

mitochondrial DNA isolate obtained using routine isolation

methods seems unsuitable for certain downstream, high

throughput applications like PCR (Mullis ., 1992). To

overcome these challenges, in the present study a method for

mtDNA extraction was developed using in house lysis buffer

followed by modified CTAB protocol.

Chironomid larvae were collected from

Kundalahalli lake (12°58'10"N 77°43'13"E), Bangalore,

South India, with a aquatic handle net along with the

sediment. The sample was washed through 1-mm sieve and

the larvae were transferred to a sampling tray with water.

Larvae were left unfed in water for 5 days to let the gut

contents out (Pfenninger ., 2007) and preserved in 80%

alcohol for DNA isolation. Further, the head capsules were

mounted for morphological identifications. Salivary gland

squashes were prepared to confirm the species by cytological

methods.

Larvae preserved in alcohol were washed

with Ambion nuclease free water and frozen at -20°C for 2

hrs. In 1 ml of pre-cooled homogenization buffer containing

0.3M sucrose, 30mM TrisHcl (PH 7.5) and 10mM EDTA the

larvae were homogenized. The homogenate was centrifuged

at 1000g for 5 min at 4°C to remove nuclei, cellular debris

etc., for 2-3 times. The supernatant was collected in 2ml tubes

and centrifuged at 12000g for 20 min at 40°C. Supernatant

was discarded and pellet was treated with 1 ml of DNase

buffer (0.3M sucrose, 10mM TrisHcl pH 7.5 and 50mM

MgCl ). 2U of Dnase I was added and incubated at 37°C for 1

hr and then 25ul of 500mM EDTA added to stop the reaction.

The tubes were centrifuged at 12000g for 10 min.

Supernatant was discarded and pellet contains mitochondria.

500ul of lysis buffer containing 0.4M sucrose, 10mM EDTA,

300mM Tris HCl pH 8, 20ul of 20% SDS, 10ul of 20 mg ml

Proteinase K was added and the mixture was incubated for 30

min at 65°C. 100ul of 5M Potassium acetate pH 5 was added

and incubated for 30 min at -20°C and then Centrifuged at

12000 g for 5 min. Supernatant was collected and equal

volume of chloroform: Isoamylalcohol (24:1) was added and

centrifuged at 12000g for 15 min. Aqueous phase was

collected and 1/10th volume of 3M sodium acetate and 0.6

Volume of chilled isopropanol was added. Mixture was

incubated at -20°C for 5 hours, centrifuged at 12000g for 20

min. Pellet were washed twice with 70% ethanol. Pellets

were dehydrated at room temperature for 5 min and

resuspended in 30ul of nuclease free water (Ambion). The

procedure was repeated to ensure the reproducibility.

Genomic DNA isolated using CTAB method was used as

control.
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Materials and Methods

Sample collection :

DNA isolation :

2

-1

Quality and quantity assessment :

Purity assessment :

The concentration of

mitochondrial DNA and genomic DNA were measured at

260/280 ratio using Nanodrop (Thermo). 14.1 ng ul and 15.2

ng ul for mtDNA and 130.7 ng ul and 138.6 ng ul for

genomic DNA respectively (Table 1). 2ul of mtDNA and

genomic DNA were loaded onto 1% agarose gel (HIMEDIA)

prestained with 0.5 ul 100ml of Ethidium bromide (10 mg

ml ). Gel was run using 1X TAE buffer and image was

captured using Gel Doc system (UVITEC Cambridge) (Fig.

1).

PCR amplification was a carried out

using mtDNA gene specific (COI and II) primers in Applied

Biosystems Veriti 96 well Thermal cycler system following

modified PCR analysis (Murugkar ., 2003). 20ul reaction

mixture included 3μl buffer, 2μl dntps, 0.3μl Taq DNA

polymerase (NEB, USA), 2μl 5M Betain, Nuclease free

water 6.7μl, template 2μl, 20 picomole concentration of

primer forward 2μl and reverse 2μl. PCR was performed

-1

-1 -1 -1

-1

-1
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Table 1 :

Sample name A260/280 Conc (ng ul ) Total isolated volume

Nanodrop profile of mtDNA and gDNA isolates from

Chironomid larvae

A 1.9 14.1 30

B 1.88 15.2 30

C 1.82 130.7 30

D 1.83 138.6 30

-1

Fig. 1 : Gel picture showing mitochondrial and genomic DNA bands in

1% Agarose gel. Lane L = 100 bp Ladder, Lane A and B = mitochondrial

DNA, Lane C and D = genomic DNA
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using optimized conditions for both pair of primers (Table 2

and 3).

Conventional PCR of COI and II genes amplification

were started with an initial denaturation step (94°C, 5 min).

Each cycle consisted of three steps (denaturation, annealing,

and extension). Each PCR reaction consisted of 35 cycles of

amplification Initialy, 10 cycles were started using

denaturation at 94°C for 30 sec, annealing at 45 °C for 30 sec,

and DNA chain extension at 72°C for 1 minute, last 25 cycles

were maintained using denaturation at 94°C for10 sec,

annealing at 50°C for 10 sec, and DNA chain extension at

72°C for 30 sec). A final extension cycle was performed at

72°C for 5 min. Whereas, CAD gene amplification was

started with an initial denaturation step (95 °C, 5 min). Each

cycle consisted of three steps (denaturation, annealing, and

extension). Each PCR reaction consisted of 35 cycles of

amplification (initialy 10 cycles were started using

denaturation at 95°C for 1 min, annealing at 55 °C for 30

seconds, and DNA chain extension at 72°C for 1 min, last 25

cycles were maintained using denaturation at 95°C for

30seconds, annealing at 60°C for 10seconds, and DNA chain

extension at 72°C for 30 sec). A final extension cycle was

performed at 72°C for 10 min.

The ±650 base pairs product of Cytochrome oxidase I

mitochondrial gene was amplified by using primer set 911

(TTTCTACAAATCATAAAGATATTGG) and 912

(TAAACTTCAGGGTGACCAAAAAATCA) (Folmer

., 1994). The ±750 base pairs product of Cytochrome

oxidase II mitochondrial gene was amplified using primer set

TL2-J-3034 (AAT ATG GCA GAT TAG TGC A) and TK-

N-3785 (GTT TAA GAG ACC AGT ACT TG) (Simon .,

1994).The ±1000 base pairs fragment of the nuclear gene

(CAD) was amplified using primer set 54 F (GTN GTN TTY

CAR ACN GGN ATG GT) and 405 R (GCN GTR TGY TCN

GGR TGR AAY TG) (Moulton andWiegmann, 2004).

PCR products were detected with 100bp ladder

(Invitrogen) on Agarose gel electrophoresis. Electrophoresis

was performed with 2% Agarose gel (Himedia) prestained

with 0.5 μl 100ml of ethidium bromide (10 mg ml ). Gels

were run at 80V using 1X TAE buffer and then photographed

under UV illumination by using a Gel documentation system

(UVITEC Cambridge) (Fig. 2).

To confirm specificity of primers and

protocol, the amplicons of COI and COII were purified to

remove contaminants. DNA sequencing reaction of COI and

COII amplicons carried out with forward and reverse primers

using BDT v3.1 Cycle sequencing kit, POP7 Polymer on

3730XL Genetic Analyzer. Consensus sequence of COI and

COII genes were generated from forward and reverse

sequence data using aligner software. DNA sequencing data

was analyzed using BLAST with NR database of NCBI

Genbank.

et

al

et al
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Sanger sequencing :

Extract ion of mitochondrial DNA from chironomid larvae

Table 3:

Temperature Duration Cycles

PCR Conditions for CAD gene primer amplicon

Hot Start 95°C 5 Minutes 1

Denaturation 95°C 1 minute 10

Annealing 55°C 30 Seconds

Extension 72°C 1 Minute

Denaturation 94°C 30 Seconds 25

Annealing 60°C 10 Seconds

Extension 72°C 30 Seconds

Final Extension 72°C 10 Minutes 1

Hold 4°C Forever

Table 2 :

Temperature Duration Cycles

PCR Conditions for COI and COII primer amplicons

Hot Start 94°C 5 Minutes 1

Denaturation 94°C 30 Seconds 10

Annealing 45°C 30 Seconds

Extension 72°C 1 Minute

Denaturation 94°C 10 Seconds 25

Annealing 50°C 10 Seconds

Extension 72°C 30 Seconds

FinalExtension 72°C 5 Minutes 1

Hold 4°C Forever

Fig. 2 : Gel picture showing mitochondrial and nuclear gene amplicons in

2% Agarose gel. Lane L = 100 bp Ladder, Lanes A1 and B1 = COI gene,

Lanes A2 and B2 = COII gene, Lanes A3 and B3 = CAD gene
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Table 4 :

Description Max score Total score Query coverage E value Mam ident Accession

Sequences producing significant alignments

Chironomuskiiensis mitochondrial COI 664 664 100% 0 97% AB838645.1

gene for cytochrome c oxidase subunit I

Chironomuskiiensis voucher gg 278 cytochrome 664 664 100% 0 97% JF412088.1

c oxidase submit I (COI) gene

Chironomuskiiensis mitochondrial COI gene 658 658 100% 0 97% AB838646.1

for cytochrome c oxidase submit I

Chironomuskiiensis voucher KOR-D4-002 658 658 100% 0 97% KC407765.1

cytochrome oxidase I (COI) gene

Chironomuskiiensis voucher gg276 cytochrome 658 658 100% 0 97% JF412086.1

c oxidase subunit I (COI) gene

Table 5 :

Present study Sucrose gradient Percoll gradient

(Hwang , 2001) (Keech ., 2005)

Kislev , 1965)

Comparison of the protocol used in the present study with most commonly used protocols for mitochondrial DNA isolation

Starting material Very low High (200-500g) High (200-500g)

Time 7-8 hrs 6-8 hrs 6-8 hrs

Requirement of expensive laboratory set up No Yes Yes

Processing complexity Easy Hard Hard

DNA Yield Approx 0.45 ug Approx 5-7 ug Approx 5-7 ug

Nuclear DNA contamination Negligible Negligible Negligible

Reproducibility High Moderate Moderate

et al. et al

et al.

Results and Discussion

The isolated mtDNA subjected to 1% agarose gel

electrophoresis along with genomic DNA isolated was used

as control (Fig. 1). The lanes A, B show faint band of mtDNA

which might be due to low number of mt DNA. The lanes C, D

of genomic DNA shows thick bands indicating high number

of copies. The bands of both mt DNA and gDNA were seen in

overlapping pattern. The concentration of mitochondrial

DNA (Lane A and B) measured from Nanodrop was found to

be 14.1ng ul and 15.2 ng ul against the genomic DNA (Lane

C and D) 130.7 ng ul and 138.6 ng ul respectively. The

Nanodrop profile revealed high purity level of mtDNA as

compared to genomic DNA isolate (Table 1).

Homogenized buffer, prepared exclusively in house

which was cheaper in composition yielded good results. The

-1 -1

-1 -1

homogenized buffer was essential to keep mitochondria intact

and increase the quality of mtDNA isolated. The method

enabled us to obtain mitochondrial DNA in an inexpensive

laboratory setup with high degree of purity, although the

quantity obtained was less. The protocol did not require the

use of liquid nitrogen, phenol treatment, density gradient

centrifugation which small laboratories cannot afford. The

emphasis was laid to obtain only mtDNA isolate which was

essential for attaining proper sequencing data with good

intensity upto 1000 rfu and clear electropherogram (Fig. 3).

In the present experiment, the primer set 54 F and 405

R was used to amplify CAD nuclear gene in order to check the

purity of mtDNA isolated. Lanes A3 and B3 showed

negligible presence of nuclear DNA contamination in the

mtDNA isolate. The Nano drop profile of mtDNA (Table1)

R. Kuncham et al.476

Fig. 3 : Pattern of good intensity electro pherogram from 3730XL genetic analyzer

1000
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support high quality DNA isolation. Different techniques are

available to extract mitochondria; only few are tuned for

extraction of mtDNA and pure mitochondria without

contamination from other organelles (Chaudhary .,

2015) The COI gene sequence was used to carry out BLAST

with the nrdatabase of NCBI Genbank database. Based on

maximum identity score, first five sequences showed 100%

query coverage (Table 4).

These results indicated that quality and quantity of

mtDNA were sufficiently good for PCR amplification and

other downstream processes. Various mitochondrial DNA

extraction methods have been described in the literature (Ejaj

., 2013; Hwang ., 2001), all of which aim to minimize

nuclear DNA contamination and maximize the

mitochondrial DNA yield. However, these methods will

consume more tissue, low reproducibility and making them

unsuitable for downstream applications.

In the present study, successfully isolate

mitochondrial DNA with undetectable levels of nuclear

DNA contamination was isolated using the modified method

keeping in view the use of advanced technologies to sequence

mitochondrial DNA. The present protocol is very much

suitable for low cost processing of mitochondrial DNA as

compared to commonly used protocols like sucrose gradient

(Hwang ., 2001; Cui ., 2009), Percoll gradient

(Keech ., 2005) (Table 5). The mitochondrial DNA with

high reproducibility, less contamination with nuclear DNA is

essential for downstream experiments, such as PCR

amplification and Sanger sequencing. Even traces of proteins

and cell debris can inhibit the activity of DNA polymerase in

PCR amplification process (Mullis ., 1992). Hence, the

method designed in present study can be used as an

appropriate and reliable method to isolate good quality and

quantity of mitochondrial DNA from Chironomid larvae

required for high throughput sequencing protocols and to

generate good quality Sanger sequencing reads.

Thus, the method developed in the present study is an

appropriate, reliable and cost effective in isolating good

quality of mitochondrial DNA from Chironomid larvae with

high reproducibility and undetectable level of nuclear DNA

contamination required for broad spectrum of downstream

applications.

et al
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