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Aphid species (Insecta, Hemiptera) are economically important invasive pest throughout the
world, though their identification is intricate due to tiny size and inconspicuous nature of mor-
phology. Mitochondrial cytochrome c oxidase I (mtCOI) region has been proven to be a standard
barcode to identify the diverse array of insect groups. Isolation of good quality DNA is a funda-
mental first step in insect DNA barcoding which is obtained by standardizing the DNA isolation
method. In this study, we demonstrate a modified CTAB method for the isolation of DNA to max-
imize the quality and yield from small aphids. This method will help the researchers to efficiently
isolate DNA from small aphid and the method can be utilized for other small insects as well.
We evaluated the quality of the isolated DNA and the mtCOI gene region were subjected to PCR
amplification. Further, the gene segment was sequenced and gene annotation was done by NCBI
BLAST program through which the insect was found to be Aphis gossypii. This study provides a
set of molecular tools that can be used for identification of insect at species level through DNA
barcoding and biodiversity analysis.

* Detailed method to maximize quality and quantity of genomic DNA isolated from aphids.

» Molecular identification of aphids using mtCOI gene amplification and sequence validation.

« First report on Aphis gossypii infecting Solanum trilobatum provides insights of pest identifi-
cation and management.
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Method details
Background

Aphids (Hemiptera: Aphididae), are a polyphagous insect cause heavy crop loss by virus transmission and by colonizing the leaves
and stem of the plant. Aphids have become a worldwide threat to many agricultural crops [1,2]. In India, 530 species of medicinal
plants belonging to 117 plant families were infested by 428 species/sub-species of aphids. Study further reveals that among the
aphids, A. gossypii complex is highly observed species in 224 plant species [3]. Due to its sucking nature, aphids cause direct physical
damage by sucking the amino acid and carbohydrate from plant phloem which leads to significant yield reduction [4]. Crop loss due
to aphid infestation and control measures are calculated around US$200 million annually [5]. Proper identification of insect species
is necessary for the integrated pest management and for early detection [6].

Traditional morphological identification of aphids needs the examination and analysis of various features viz., characteristics of
antennae, siphunculi and caudas, even though several keys are exist, morphological differentiation of aphids is difficult due to the
notable similarities between species and intraspecific variation [7]. Aphid’s tiny size is another drawback for morphological identifi-
cation. In order to overcome difficulties in morphological examination, molecular method of identification have been employed for
easy identification of economically relevant aphid species. DNA barcoding has been projected as a standardized molecular identifica-
tion of insect species in any life stages [8]. Molecular characterization of insect was done by amplifying the mitochondrial gene called
cytochrome c oxidase 1 COI. Several research studies reported that the region of 710bp was successfully used as a standard barcode
for the identification of insect pests [9,10]. mtCOI region has high mutation speed and highly conserved through which insect species
and subspecies can be easily identified.

Isolation of high quality and quantity DNA from small insects is often difficult and fundamental first step in insect barcoding
also in invasion studies, phylogenetic analysis and evolutionary genetics. Generally, organic extraction is commonly followed for
isolating DNA from varied insect orders by considering cost effectiveness and high yield [11]. DNA isolation from small insects
using commercial kits are high cost hence rapid, cost-effective method for DNA isolation from small insects is necessary to obtain
a good quality DNA for further molecular studies. Organic extraction is convenient by following steps including addition of CTAB
(Cetyltrimethylammonium Bromide) extraction buffer to break the insect cuticle, protein separation by phenol-chloroform and DNA
precipitation by isopropanol/ethanol precipitation. Also this method is mostly preferred in many laboratories due to easy availability
of laboratory chemicals and high quantity of DNA [12]. In this study, modified CTAB method was followed to isolate the aphid DNA
by following short incubation time after the addition of lysis buffer and the usage of - mercaptoethanol was avoided by considering
the health concern like severe skin and eye irritation and destructive to respiratory track and central nervous system. Also, PCR
sensitivity of isolated DNA was checked by amplifying the mtCOI region using PCR. The present study reports a cheap, simple and
rapid method for isolating DNA from small insects and molecular identification of aphid in S. trilobatum. COI gene amplification and
sequence analysis confirmed that the insect belongs to the genus Aphis and the species of gossypii. A. gossypii species reported in
many agricultural plants [13,14] however, in this study first time reported in S. trilobatum.

Insect sample

The aphids were found in the leaves and stem of the S. trilobatum plants in the area of Maduravoyal, Tiruvallur, Tamil Nadu,
India. Several colonization was observed in the leaves which further affects the growth of the plants. As, S. trilobatum is a medicinal
plant, leaves are the main source which are heavily colonized by aphids (Fig.1). Adult aphids such as A. gossypii were collected using
tweezers and stored in 70% ethanol. Ethanol was added to avoid bacterial or fungal DNA contamination during DNA isolation. The
tubes were stored at 4 °C until further studies.

Reagents and solutions

The reagents and chemicals used are CTAB lysis buffer [5% CTAB, 100 mM Tris-HCI (pH 8.0), 0.5 M sodium chloride, 10
mM ethylenediaminetetraacetic acid (EDTA)], chloroform: isoamylalcohol (24:1), isopropanol, 75% ethanol, Tris EDTA (TE) buffer
(10 mM Tris-HCl, 1 mM disodium EDTA, pH 8.0).

Fig. 1. Identification of Aphids in the leaves of S. trilobatum plant.
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Procedure for isolation of DNA from Aphid sample

A. Lysis of insect cuticle using CTAB lysis buffer

Transfer single aphid to a 2.0 mL eppendorf tube, ground using plastic
pestle by adding 600 pL of lysis buffer

|

Incubate the suspension in water bath at 55° C for 60 min with gentle
mixing every 10 min

b=

B. Protein separation by chloroform: isoamylalcohol

Return the samples to room temperature (RT) and add an equal volume
of 24:1 chloroform: isoamyl alcohol

l

Centrifuge the suspension at 10,000 rom (Eppendorf 5415 C) for 10 min
at 8°C

|

Transfer highly viscous jelly like supernatant without disturbing the inter
phase into new 1.5 mL eppendorf tube (Protein precipitation occur at the
inter phase)

g

C. DNA Precipitation and Purification

Add equal volume of ice-cold isopropanol to the supernatant and mix
gently by inverting the eppendorf tube till white strands of DNA
precipitates out

|

Incubate the solution mixture at refrigerator at 4°C for 20 min, and
centrifuge the contents at 5,000 rpm for 10 minutes at 4°C

}

Remove the supernatant which contains isopropanol and leave the
pellet to dry at room temperature for 5 min

}

Add 75% ethanol to the pellet, and mix well by inverting the eppendorf
tube for 2 min

}

Centrifuge at 5,000 rpm for 5 minutes at 4°C and remove the ethanol
carefully and air dry the eppendorf tube at room temperature for 15 min

e

D. DNA Solubilization

Dissolve the pellet in 20 uL TE buffer.

|

Store the DNA at 20°C until further use

Determination of quantity and purity of isolated DNA

DNA sample was separated in 1% agarose gel containing ethidium bromide (EtBr) and visualized under UV transilluninator. Also,
the DNA sample was diluted 20 times with ddH,O and quantified using a spectrophotometer (Amersham biosciences).

Validation of DNA quality and integrity using PCR amplification and sequencing

Folmer fragment of the 5’ region of COI was amplified using polymerase chain reaction (PCR) by using forward primer LCO (5’-
GGTCAACAAATCATAAAGATATTGG-3’) and reverse primer HCO (5’-TAAACTTCAGGGTGACCAAAAAATCA-3’) [15]. PCR reaction
was performed in a total volume of 25 pL reaction mixture containing 1 pL template DNA (50-150 ng), 4.7 pL 10X PCR buffer
(contains 25mM magnesium chloride), 1 pL of forward and reverse primer (10 pmol each), 2 uL. ANTP mixture (0.2 mmol/L each
of dATP, dCTP, dGTP, and dTTP), 0.3 pL Taq DNA polymerase (3U/ul), and final volume made with 16 pL distilled water. The PCR
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Fig. 2. Genomic DNA isolation from Aphid using modified CTAB method Lane M. 1Kb DNA Marker, Lane 1-3. Aphids DNA with replications.
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10Kb
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0.25Kb

Fig. 3. PCR amplification of CO1 gene using DNA isolated from aphid using modified CTAB Method. Lane M. 1Kb DNA Marker, Lane 1-3. Aphids
CO1 gene amplified as replications.

mixture was processed in a Thermal Cycler (eppendorf) with 35 cycles, each cycle consists of 3 min of pre-denaturation at 94 °C,
followed by 30 cycles of amplification (40 sec of denaturation at 94 °C; 1 min of annealing at 47 °C for COI; 45 s of extension at
72 °C), and final extension at 72 °C for 10 min. The amplified PCR products were separated on 1.2% agarose gel/ EtBr (0.5 pg/mL).
Sequencing of COI gene was performed by Barcode Biosciences, (Bangalore, Karnataka) by following Sanger method of sequencing.

Method validation

Validation of modified CTAB method by COI gene amplification

In this study, modified CTAB method was effectively extracted genomic DNA from single aphid. The evaluation of integrity of
the genomic DNA showed clear DNA bands on 1% agarose gel (Fig. 2) which proves that no DNA degradation had occurred during
the isolation process. Spectrophotometric analysis reveals that A260/A280 ratios were greater than 1.7. The DNA concentration was
measured as 120 ng/pL and yield recovery was ~2000 ng. Usage of toxic solvents (- mercaptoethanol and phenol) was eliminated
in this method. LCO/HCO forward and reverse primer was successfully utilized for the COI gene amplification and intact/clear band
was observed. The PCR product was resolved on 1.2% agarose gel and 1Kb DNA marker was used for identifying the size of CO1 gene
amplicon. The amplification was visible at 709 bp (Fig. 3).

The results shows that DNA samples isolated by modified CTAB method successfully utilized by the LCO/HCO primers in the PCR
reaction and showed clear and thick band of expected amplicon size 709 bp in the gel which indicates the modified method provided
good quality DNA with sufficient quantity. COI gene was sequenced using Sanger sequencing method and good chromatogram was
obtained (Fig. 4). Finally, the COI gene sequence was blasted against the National Centre for Biotechnology Information (NCBI)
database and the sequence showed 99% similarity with previously reported sequence of A. gossypii. Sequence analysis revealed that
collected aphidbelongs to the genus Aphis and species gossypii.

DNA barcoding is a recent taxonomic method that uses a short region of a gene as a marker in an organism’s DNA to identify
the particular species. The main principle in DNA barcoding technique is the standardization of DNA isolation and PCR reaction for
mtCOI gene amplification [16]. To reduce the complications and easing the work of the researchers, organism may be identified by
standardized molecular technique by adopting standardized DNA isolation procedure [17]. Sometimes, DNA barcoding of the tiny
insects may be failed due to the difficulty in isolating the DNA. Still, many successful manual methods were optimised for getting
high quantity and high yield of insect DNA from tiny insect specimen [18]. Aphids are considered to be a serious agricultural insect
due to the nature of spreading plant virus and related diseases (Black man and Eastop.2000). Rose plants are severely infested by rose
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Fig. 4. Chromatogram of a fragment of the COI gene.

aphids further stops the growth of leaf bud, flower bud and twigs which cause high annual losses [19]. In North America, soybean
aphid (Aphis glycines) was noted as a exotic pest and cause considerable economic losses every year [20].

Conclusion

In conclusion, it is quite sensitive and challenging to obtain clean DNA from soft-bodied insects like aphids, we have developed
modified CTAB method for DNA isolation from aphids. This method yields good quality and quantity of DNA, also with good stability
in storage at 4°C for a short period. This method of DNA extraction could be a feasible option for cost effective and time saving to
screen large populations. Easy amplification of COI gene in aphid DNA indicates that the proposed modified DNA isolation method is
reliable for molecular identification of agricultural important aphids. First time, COI gene marker was successfully used for molecular
identification of aphid in S. trilobatum plant. NCBI BLAST analysis revealed that the aphid belongs to the species gossypii. Accurate
identification of insects will pave a way for insect pest management.
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