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Abstract 

An extraction of high quality genomic DNA is the first and crucial step in molecular biology experiments for the study of molecular taxonomy, diversity 

and evolution. In general, traditional methods and kits for the extraction of genomic DNA from any biological sample are cost effective but time 

consuming and use toxic chemicals. The present study described a simple method for the extraction of genomic DNA from haemolymph of insects using 

Haemocyte lysis buffer (HLB). HLB method is quicker as it has few steps, and doesn’t use toxic chemicals. HLB method yielded approximately 60 -

120 µg of total genomic DNA from haemolymph per isolate (50 µL) from the selected insects and the purity of genomic DNA ranged between 1.61 - 

1.83 at 260 / 280 nm as revealed by spectrophotometry analysis. The quantity and quality of genomic DNA was compared with kit methods key. The 

electrophoretic analysis of the genomic DNA revealed nucleotides above 10 kb without protein and RNA contamination. Absence of inhibitory 

compounds from the extracted DNA was confirmed by amplification of β-actin and Cytochrome oxidase subunit 1 genes and restriction digestion 

analysis using EcoR1 enzyme. The overall results suggested that the extraction of genomic DNA through this method is easy and appropriate for 

molecular biology experiments. 
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Introduction 

In the past few decades, numerous methods were developed for the extraction of 

genomic DNA from various biological tissues [1 - 6]. However, these methods are 

elaborate and time consuming. Also, expensive and toxic chemicals such as 

isoamyl alcohol, phenol, β- mercaptoethanol, cetyltrimethyl ammonium bromide

(CTAB), phenol and liquid nitrogen were used for the extraction of genomic DNA. 

Moreover, the removal of possible contaminants present in the extracted genomic 

DNA was very difficult [7]. In addition, several non-toxic extraction procedures 

have also been published, but required either extensive dialysis or filter
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membranes [8-11]. Recently, special equipment for the isolation of DNA from 

diverse organisms by automatic liquid handling robots and sonicators have been 

designed, but, they are not available in most of the laboratories [12] Consequently, 

several scientific companies were focused on the production of short duration kits 

such as DNAzol®, Puregene® and DNAeasy® for the isolation of genomic DNA 

from various organisms but these are very expensive [13]. Furthermore, the 

commercial kits are challenging also it has a number of steps and secrecy in the 

solution and the buffer composition is not apparent to the researchers.  

A rapid and simple method for extraction of genomic DNA from haemolymph of 

insect is very much warranted. Gerken (1998) et al. [14] extracted the DNA from 

haemolymph of insect for molecular biology applications but their method was 

time consuming and also, there was no data about the storage of DNA for further 

work. To overcome such problems, this research aimed at minor modifications in 

the method of Miller et al. (1998) [15] for extraction of genomic DNA from 

haemolymph and gut bacteria of insect [16 - 17]. The proposed HLB method 

consisted of collection of hemocytes by centrifugation of haemolymph, cell lysate 

preparation with hemocyte lysis buffer, separation of the hydrophilic molecules 

from the lysate with chloroform and precipitation of the DNA with ethanol. The 

isolated DNA can be suitable for various molecular biology applications such as 

gene specific PCR, RAPD and enzymatic manipulation, etc. 

 

Materials and Methods  

 

Experimental insects  

 

The larvae of silkworm, Bombyx mori L was purchased from the Regional 

sericulture office, Tiruchirappalli, Tamil Nadu, India. The larva of 

Spodopteralitura was purchased from NBAII, Bangalore. Pill millipede was gifted 

by Prof. K. R. Sridhar, Department of Biosciences, Mangalore University, 

Mangalagangotri, Mangalore, Karnataka. The larva of Euclea sp. insect was gifted 

by Dr. V. Gokula, Associate Professor, Department of Zoology, National College, 

Tiruchirappalli, Tamil Nadu. In case of fly/insects, ethical committee was not 

required. 

 

Genomic DNA isolation  

 

The protocol for the genomic DNA isolation was followed stepwise as 

described below: 

1. Approximately 100 - 300 µL of haemolymph was collected from the pricked 

part/proleg without any external pressure on insect body into a pinch of 

Phenylthiourea in a 2.0 mL Eppendorf tube. 

2. The haemolymph was centrifuged at 10,000 rpm for 5 min at room temperature 

(25 - 27 °C). The pellet was stored at -70 °C until proceeding for step 3. The 

supernatant was used for the proteomics study, if wanted. 

3. Approximately 300 µL of HLB (for 10 mL lysis buffer, 100 µL of 1 M Tris, 1 

mL of 4 M NaCl, 40 µL of 0.5 X EDTA and 680 µL of 10X SDS, 1 mg of RNase 

were added to bring the final volume to 10 mL with autoclaved Mille-Q) and 10 

µL of Proteinase K (50 mg/mL) were added to the pellet and vortexed for 1 min. 

4. Then 150 µL of 6 M NaCl and 200 µL of chloroform were added into the 

mixture of step 3 and vortexed for 1 min. 

5. The mixture was centrifuged at 10,000 rpm for 5 min as described in step 2. The 

upper aqueous phase was collected into a new 2 mL Eppendorf tube and double 

volume of 99.9 % absolute ethanol was added into the aqueous phase. Ethanol was 

added slowly along the wall of the tube. 

6. The tube was closed tightly and mixed well by inverting the tube for 10 s to 

precipitate the DNA. A white color thread was formed after addition of ethanol. 

7. The precipitate was collected by centrifugation at 5,000 rpm for 5 min and the 

supernatant was discarded. 

8. The pellet was washed with 1 mL of 70 % ethanol by centrifugation at 5,000 

rpm for 5 min and the supernatant was discarded very carefully without disturbing 

the pellet. The step 8 was repeated. 

9. The DNA pellet was air dried for 5 min at room temperature for the evaporation 

of residual ethanol. 

10. The pellet was re-suspended in 50 µL of Tris-EDTA buffer containing 10 mM 

(Tris hcl) and 1 mM EDTA (pH 8.0). The schematic presentation of DNA isolation 

and molecular analysis were presented in (Figure 1). 

 

Spectrometry analysis of genomic DNA 

 

The quality and quantity of the isolated DNA were analyzed using 

spectrophotometric analysis (Ultrospec 2100, Amersham Bioscience, Hong 

Kong). The DNA purity was determined from the ratio 260 / 280 nm (indicator of 

protein contamination) and 260 / 230 nm (indicator of organic solvent residues). 

The size and intactness of the isolated DNA was checked by agarose gel 

electrophoresis. The isolated DNA was loaded on 1 % agarose gel stained with 

ethidium bromide (1 µg/ µL) and run for 30 min at 60 V. The separated genomic 

DNA was visualized using gel documentation. The isolated genomic DNA size 

was determined by using 1 Kb DNA ladder (Bio tool, Spain). The quantity and 

quality of genomic DNA extracted by this method was statistically analyzed and 

compared with commercial kit key (Hammer et al. 2005). 

 

Polymerase chain reaction (PCR) analysis  

 

The mitochondrial gene of cytochrome oxidase subunit I (COI) was amplified by 

PCR using the primers LCO1490 (5’- GGTCAACAAATCATAAAGATATTGG-

3’) and HCO2198 (5’- TAAACTTCAGGGTGACCAAAAAATCA-3’) [18]. The 

PCR reaction was performed as described by Anbalagan et al. (2015) [19]. The 

reaction was set to 20 µL with the following volume of reagents: 1 µL of 

DNA, 10 µL of Master mix (2X ExPrime Taq premix, GENETBIO, 

Germany), 0.5 µL of each primer (10 mM), and 8 µL of sterile double distilled 

water. The typical Thermal cycling profile was: 5 min at 94 °C and 35 cycles of 

30 s at 94 °C, 60 s at 58 °C, and 1 min at 72 °C, with a final extension at 72 °C for 

7 min. The amplified PCR products were separated by electrophoresis, using a 1 

% agarose gel and identified the molecular weight with 1 Kb DNA ladder 

(Fermentas, USA). For amplification of β-actin gene (forward primer 5’-

CACTGAGGCTCCCCTGAAC-3’ and reverse primer 5’-

GGAGTGCGTACCCTCGTAG-3’), the same reaction mixture and programme 

profile was used.  
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Figure 1. The schematic presentation of DNA isolation and molecular analysis 
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Restriction digestion 

 

The reaction was carried out in a total volume of 20 μL comprising 5 µg of genomic 

DNA, 4 μL of EcoR1-RBuffer (10X), 0.5 μL of EcoR1 (10 U/ μL) from Fermentas, 

New England (Cat No: R0101S), incubated at 37 ºC for 3 h. The digested DNA 

was subjected to 1.5 % of agarose gel stained with ethidium bromide (1 µg/ µL), 

run for 30 min at 60 V and the separated DNA fragments were visualized using gel  

documentation. 

 

Results and Discussion 

 

Comparative assessment of DNA yield and quality 

 

The colors of an extracted DNA from the haemolymph of different insects were 

similar between HLB and kits method. Similarly, Chen et al. [13] also observed 

the white and brown color DNA pellet among manual and kit method respectively. 

 

The quantity and quality of the genomic DNA was analyzed by agarose gel and 

spectrophotometry analysis. The present methodology involving ethanol was 

easily removed from the precipitated DNA while in the other methods, it was very 

difficult to remove the presence of Phenol: Chloroform: Isoamyl alcohol in the 

DNA [20 - 21]. For qualitative and molecular weight (MW) analysis, genomic 

DNA extracted from B. mori, S. litura, Euclea sp. and pill millipedes and migrated 

in 1 % agarose gel stained with ethidium bromide, revealed that extracted DNA 

was without RNA and protein contamination. Moreover, the extracted DNA 

showed > 10 kb of nucleotides (Figure 2).  

The quality and quantity of extracted genomic DNA were statistically analyzed by 

one-way analysis of variance (ANOVA) and their significance was tested between 

proposed method and kit with a Tukey’s multiple pair-wise comparison using 

PAST version 3.05 [22]. Data were presented as mean ± standard deviation (SD). 

Differences were considered significant if P < 0.05. The result of spectrometric 

analysis for quantity and quality of extracted DNA per isolate was presented in 

Table 1. The yield of extracted DNA by HLB was significantly different when 

compared with kit (F = 131.2, P < 0.05) using Tukey’s test. One-way ANOVA  
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Figure 2. Agarose gel electrophoresis of the genomic DNA 

extracted from the haemolymph of selected insect species: M- 5 

µL of the 1 kb DNA ladder (Bio tool, Spain); Lane 1- B. mori, 

Lane 2- Spodoptera litura, Lane 3- Euclea sp. and Lane 4: Pill 

millipedes 

Figure 3. PCR amplification of partial sequence of β-actin gene 

using gene specific primers using genomic DNA isolated from 

selected insect species. M- 5 µL of the 1 kb DNA ladder (Bio tool, 

Spain); Lane 1- B. mori, Lane 2- Spodoptera litura, Lane 3- 

Euclea sp. and Lane 4: Pill millipedes  

 

Figure 4. PCR amplification of the partial sequence of 

Cytochrome Oxidase (CO1) gene by Bar-coding gene using 

genomic DNA isolated from selected insect species. M- 5 µL of 

1 kb DNA ladder (Bio tool, Spain); Lane 1- B. mori, Lane 2- S. 

litura, Lane 3- Euclea sp. and Lane 4: Pill millipedes  

 

Figure 5. EcoRI digestion of genomic DNA isolated from selected 

insect species. M- 5 µl of the 1 kb DNA ladder (Bio tool, Spain); 

Lane 1-B. mori, Lane 2- S. litura, Lane 3- Euclea sp. and Lane 4: 

Pill millipedes  

4 

analysis revealed that spectrometry analysis of genomic DNA quality was not 

significantly different between manual and kit methods (F = 2.38, P < 0.05). These 

results suggested that the purity of genomic DNA isolated by manual and kit 

methods were comparable.  

 

Molecular evaluation of Genomic DNA 

 

The genomic DNA of selected insect’s species obtained by this HLB methodology 

was subjected to molecular application including PCR and restriction digestion.  

 The PCR amplification of β actin gene from selected insect’s species showed 

amplicon length at 200 bp in the 1 % agarose gel stained with ethidium bromide 

(Figure 3). 

Likewise, PCR amplification performed with barcoding gene cytochrome oxidase 

subunit 1 (CO1) showed 750 bp length of amplicon (Figure 4). Absence of 

nonspecific amplification was noted in PCR amplification of both β- actin and CO1 

gene. This result revealed that the quality of isolated genomic DNA was sufficient 

for PCR application. The restriction digestion analysis of genomic DNA for B. 

mori, S. litura and Euclea sp. showed complete digestion with EcoR1 enzyme 

(Figure 5). 

These results further suggested that the genomic DNA did not have any enzyme 

inhibitor for tag polymerase and restriction endonuclease [23]. Moreover, the 

proposed methodology had an advantage of an easy extraction process and the 

insect was not killed for sample collection. 
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†Means ± Standard deviation (mean ± SD) of triplicates followed by the same letters in the same column are not significantly different at  

P > 0.05 using Tukey’s multiple pair-wise comparison. Degree of freedom for every variable is 17. The P-value indicates the significance  

at < 0.05 using ANOVA; NS- indicate non-significant. 

 

Table 1. Comparative analysis of genomic DNA quantity and quality by Spectrophotometric analysis. 

 

 

 

 

 

 

 

Conclusion 

 

In this study, a modified protocol was developed for the isolation of high-quality 

genomic DNA from different insects that could be highly useful in molecular 

applications including RT-PCR, QRT-PCR, microarray, DNA library 

construction, SNP genotyping, DNA methylation profiling and next-generation 

sequencing. Together with the spectrophotometric and electrophoretic analyses, 

these results provided evidence that this method successfully dealt with extraction 

of genomic DNA from haemolymph of insects. Moreover, by using this protocol 

it is possible to obtain high yields of nucleic acid from small quantities of 

haemolymph, and both yield and purity are insect-independent. We further suggest 

that the protocol may have wider applicability to other insect species that have 

plant chemical constituted haemolymph. 
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