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Abstract Metagenomics is the study of gene pool of an

entire community in a particular niche. This provides

valuable information about the functionality of host-mi-

crobe interaction in a biological ecosystem. Efficient

metagenomic DNA extraction is a critical pre-requisite for

a successful sequencing run in a metagenomic study.

Although isolation of human stool metagenomic DNA is

fairly standardized, the same protocol does not work as

efficiently in fecal DNA from other organisms. In this

study, we report a comparison of manual and commercial

DNA extraction methods for diverse samples such as

human stool, fish gut and soil. Fishes are known to have

variable microbial diversity based on their food habits, so

the study included two different varieties of fishes. A

modified protocol for effective isolation of metagenomic

DNA from human milk samples is also reported, high-

lighting critical precautions. Recent studies have empha-

sized the importance of studying functionality of human

milk metagenome to understand its influence on infants’

health. While manual method works well with most sam-

ples and therefore can be a method of choice for testing

new samples, broad-range commercial kit offers advantage

of high purity and quality. DNA extraction of different

samples would go a long way in unraveling the unexplored

association between microbes and host in a biological

system.
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Introduction

It is an undeniable fact that the microorganisms have

played a crucial role in the sustenance of life on earth, since

its formation. The diversity and abundance of these

microscopic entities vary as per their surrounding envi-

ronment [1–3]. So, the information about flourishing

microbes in a particular environment is the key to under-

stand the characteristics and the functional attributes of a

particular habitat, and are often used as bioindicators [4–9].

This knowledge has greatly advanced with use of the next-

generation DNA sequencing (NGS) technology. As the

genome characterization of an organism offers insight into

its unique characteristics (genomics); similarly, metage-

nomic characterization reflects the community ecosystem

and offers clues about its functional composition [10, 11].

The prerequisite for a successful NGS run remains isolation

of high-quality metagenomic DNA from the desired sam-

ples. Extensive work on the NGS over the past few years

has led to introduction of variety of protocols to extract

DNA from samples; nonetheless, most of these protocols

are limited to soil DNA and human fecal DNA extraction.

Protocols for efficient DNA extraction from samples such

as fish gut, sputum, milk still remain a major challenge

[12–14]. Several commercial DNA extraction kits are

available in the market (Qiagen, MP Biomedicals, MoBio

DNA), but these kits are mostly limited to the commonly

studied samples such as soil and stool. Additionally, the
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manufacturers recommend use of separate kits for different

samples for efficient recovery. Thus, any study involving a

unique sample type requires testing with multiple kits to

standardize extraction adding significantly to the study

cost. Furthermore, variables such as sampling strategy,

transport of samples and storage conditions may also pro-

duce different biases in DNA extraction process, resulting

in variation within the same sample [15]. Other studies in

the past have reported different methods for DNA extrac-

tion depending on the type of study sample [16–20].

Therefore, it is important to optimize the extraction pro-

tocol, to make it cost-effective and rapid to yield high-

quality DNA fit for downstream applications such as

polymerase chain reaction (PCR), 16S rRNA sequencing

and whole genome sequencing from both human and

environmental samples. Although, recent efforts have led

to improvement of DNA purification methods after sam-

pling, still, there are many existing problems that ulti-

mately leads to the misidentification of different species

within the microbial community [21–23].

Our study compares three metagenomic DNA extraction

methods by comparing the quality of the isolated DNA and

compatibility with downstream applications such as PCR.

The two most commonly used commercial column-based

kits from Qiagen and the manual lysozyme/phenol–chlo-

roform method, commonly used for bacterial genomic

DNA isolation method were tested for diverse samples

such as human stool, fish gut and soil. We have also

standardized isolation of metagenomic DNA from milk

sample by these methods by introducing few modifications

to the procedure.

Materials and Methods

Sample Collection

Four different types of samples were collected for the study

namely: (1) garden soil (2) fish gut from silver carp (Hy-

pophthalmichthys molitrix) and Himalayan golden mahseer

(Tor putitora) (3) stool from healthy adult volunteers (4)

milk from healthy nursing mother.

(a) Soil

5 g of sample were collected in sterile falcons, air dried

and 200 mg sample was taken for further processing.

(b) Fish Gut

Silver carp (herbivorous fish, 25 inches weighing about

3.8 kg) and T. putitora (omnivorous fish, 23 inches

weighing about 2.4 kg) samples were collected in sterile

falcons from Gobind Sagar reservoir, Bhakra barrage,

Bilaspur District, Himachal Pradesh. The fish were dis-

sected aseptically and the gut contents were squeezed off

from the alimentary canal and kept at - 80 �C till further

processing.

(c) Milk

10 ml breast milk sample from a healthy nursing (1 week)

mother was collected in a sterile container after cleaning

the skin surface, at Maulana Azad Medical College and

associated Hospital, Delhi, India. Samples were immedi-

ately stored in a refrigerator and then frozen to -20 �C
within 2 h of collection after aliquoting. For DNA

extraction, the samples were thawed in ice and transferred

to Eppendorf microcentrifuge tubes, and centrifuged at

2000g for 20 min at 4 �C to separate the fat layer.

(d) Stool

5 g specimen was collected in a sterile container and within

4 h of collection, samples were kept at - 80 �C refriger-

ation till further processing.

For human samples informed written consent were

collected from the volunteers.

Enzymes and Reagents

The commercial kits, Qiagen DNeasy Blood & Tissue Kit

(Qiagen India Pvt. Ltd, India) and QIAamp DNA stool

mini kit (Qiagen India Pvt. Ltd, India) were used in the

extraction of metagenomic DNA. Homogenization buffer

(100 mM Tris–HCl pH 8.0; 50 mM EDTA pH 8.0 and 1 M

NaCl), sodium phosphate buffer (0.1 M, pH 7.4), and

enzymes lysozyme (10 mg/ml), proteinase K (20 mg/ml),

RNase A (10 mg/ml) were used in the manual method. The

enzymes were purchased from Thermo Fisher Scientific.

DNA Extraction

(a) DNA preparation of stool, milk, fish gut, and soil

samples by Method A

Fresh environmental samples [1 g soil, 200 mg fish-gut

samples] and human samples [200 mg stool, 1 ml milk

(aqueous phase)] were aliquoted into a 2 ml tube (pre-

chilled) and resuspended in 1 ml homogenization buffer.

The samples were vortexed at regular intervals for com-

plete mixing of sample with the buffer. From each

homogenized sample, 750 ll was transferred to a new

microcentrifuge tube. The samples were incubated with

lysozyme at 60 �C for 1 h in a thermomixer (Eppendorf

ThermoMixer� C) with mild shaking (350 rpm). The
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lysate was then incubated with 10 ll of RNase (1U/ll) at
37 �C for 30 min (RNase treatment may be given after

total DNA extraction, but in the manual method, this may

lead to a considerable loss of sample). 10 ll proteinase K

(20 mg/mL) and 100 ll SDS (10% w/v) were successively

added to the tubes, and again incubated at 60 �C for 1 h

(with mild shaking). For phase extraction, phenol, chloro-

form and isoamyl alcohol (25:24:1) emulsion was added in

equal volume and an aqueous phase was obtained after

centrifugation at 8000g for 15 min. After transfer to a new

microcentrifuge tube, this extraction step was repeated.

The resultant supernatant was separated and 1/10th volume

of 7.5 M sodium acetate (pH 5.4) and an equal volume of

ice-cold isopropanol was added to it, followed by precip-

itation at - 80 �C for 20 min. This was followed by cen-

trifugation at 8000g for 15 min to obtain the extracted

DNA as a pellet, which was subjected to two washes with

cold 70% ethanol at 8000g for 5 min each and the pellet

was left for overnight air-drying. The following day, the

DNA was resuspended in pre-heated 50 ll nuclease-free
water. For milk sample, the aqueous phase collected after

centrifugation was processed similarly as described above.

(b) DNA preparation of stool, milk, fish gut, and soil

samples by Method B

This method employed the use of Qiagen DNeasy Blood &

Tissue Kit (Qiagen India Pvt. Ltd, India) for DNA isola-

tion, as per manufacturer’s recommendations. Slight

modifications were introduced in method B for efficient

recovery of milk DNA and referred as modified method B.

The milk aqueous phase was extracted with pre-warmed

ATL buffer provided in the kit, with continuous vortexing.

The homogenized sample was incubated at 75 �C for

10 min on a thermomixer (Eppendorf ThermoMixer� C),

and centrifuged at 10,000g for 2 min. The clean super-

natant (400 ll) was transferred to a fresh microcentrifuge

tube and treated with Proteinase K (10 ll). The sample was

not treated with inhibit�Ex tablets/buffers provided with

the kit, rather directly proceeded to the next step of addi-

tion of AL buffer, followed by DNA binding, washing, and

elution.

(c) DNA preparation of stool, milk, fish gut, and soil

samples by Method C

This method employed the use of QIAamp DNA Stool

mini kit (Qiagen India Pvt. Ltd, India) for DNA isolation,

as per manufacturer’s instructions. Slight modifications

were introduced in method C for efficient recovery of milk

DNA and referred as modified method C. The milk aque-

ous phase was extracted with pre-warmed ASL buffer

provided in the kit, with continuous vortexing. This

homogenate was further processed as the steps mentioned

for modified method B protocol.

Assessment of Quantity and Quality of Isolated DNA

Samples

The metagenomic DNA isolated from various samples

were analysed by agarose gel electrophoresis system at

80 V in 0.8% gel with 5 mg/mL ethidium bromide in 1 9

TAE buffer. The gel image was acquired using gel docu-

mentation system (Amersham 600, GE). The purity and

concentration of isolated DNA were estimated by using

NanodropTM 1000 spectrophotometer (Thermo Scientific).

The DNA purity was determined by A260/A280 depicting

DNA/protein and A260/A230 ratios which determine pro-

tein/phenol/salt contamination.

PCR

The quality of the isolated metagenomic DNA were

assessed using 16S rRNA PCR amplification. The reaction

was performed in a thermal cycler (Bio-Rad, USA) in a

mixture containing 1 9 KOD Buffer, 100 ng of DNA

template, 2.5 mM dNTPs and 20 lM of each primer and

1U KOD Hot Start DNA Polymerase. The gene-specific

primers (F-50-CGATCCCTAGCTGGTCTGAG-30, R-50-
GTTAGCCGGTGCTTCTTCTG-30) amplified a 230 bp

region of 16S ribosomal RNA (V3). The reaction condi-

tions were: Initial denaturation at 95 �C for 5 min, fol-

lowed by 35 cycles at 95 �C for 20 s, annealing at 64 �C
for 20 s, and extension at 72 �C for 10 s with final exten-

sion at 72 �C for 10 s. The amplicons thus obtained were

electrophoresed on a 1.2% agarose gel and visualized using

a gel documentation system (Amersham 600, GE).

Restriction Digestion

The isolated DNA samples were subjected to restriction

digestion in a reaction mixture containing 1 lg of DNA,

10 9 Fast digestion buffer and BamHI restriction

endonuclease (Thermo Fisher Scientific) at 37 �C for

60 min.

Statistical Analysis

All the reported methods were repeated twice for each

sample and R software was used for statistical analysis to

check the mean and standard deviation of independent

experiments.
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Result and Discussion

Variation in DNA Yield and Purity Depends

on the Sample Type and DNA Extraction Method

The most critical step in any DNA extraction method is

efficient cell lysis, since DNA of high purity and quantity is

required for downstream applications such as PCR,

restriction endonuclease mapping and NGS [24–26]. In the

present study, we have used both environmental and human

samples (soil, fish gut, human stool and human milk) for

comparative analysis of DNA extraction in diverse sam-

ples. DNA isolation was done by manual method based on

the principle of lysozyme/phenol–chloroform extraction

(Method A) and commercial method based on silica-col-

umn based adsorption of DNA (Method B and C). As the

microbial composition varies significantly with different

niches, different samples require specialized modifications

in protocols to extract DNA of high quality and quantity.

Previous studies on microbial diversity from samples

containing low bacterial diversity such as meconium, pla-

centa and milk were reported to contain high contamination

in the isolated DNA. This leads to data bias in diversity

estimation and functional analysis [27–29]. As we go on

exploring diverse niches to find microbes, it would be

advantageous to find a standard procedure which works

well with diverse samples. The assessment of quality and

quantity of DNA was done by visualizing it on gel elec-

trophoresis to note any degradation pattern and by spec-

trophotometric evaluation (Fig. 1 and Table 1).

The samples which showed most variability in DNA

concentrations by tested methods were human stool, human

milk and soil sample. The manual method A worked well

for most of the studied samples in terms of DNA quantity

and quality (Table 1 and Fig. 1a). Among the two most

commonly used commercial kits, method B offered more

wide applicability as it worked well for fish gut and soil but

had limited use in human stool sample. With removal of

use of Inhibit�Ex buffer/tablet in method B, recovery of

milk DNA was also standardized (Table 1). Method C

worked best for human stool samples but had limited use in

human milk samples even after modifications (Table 1 and

Fig. 1b, c). Recovery of soil DNA was good by both

method A and B (Fig. 2). As observed in previous studies

[19], for human feces, the highest DNA concentrations

were obtained using Method C. For fish gut, DNA recovery

from silver carp was better than T. putitora for all the three

methods and in similar range (Fig. 2). These two fishes

have different food preferences as silver carp primarily

displays herbivory, while T. putitora has omnivorous food

habit. Study of microbial diversity by sequencing is

required to validate total microbial composition in these

fishes. While recovery of milk DNA was standardized by

introducing modifications in method A and method B, it

worked better with method B consistently, although the

DNA amount was relatively low, when compared to other

samples. Milk sample harbors limited number of bacterial

cells thus good quality of DNA is required for correct

estimation of DNA community in such samples [13, 22].

While commercial methods did not recommend addition of

RNase in manufacturer’s instructions, introduction of

RNase treatment led to better purity in terms of A260/A230

ratio.

Notably, a decrease in DNA concentration over time

was observed when extraction was done with samples

stored for a long time. Among the samples, soil, human

stool and fish gut samples were relatively stable up to a

year of storage at - 80 �C. However, milk samples need to

be stored after the removal of fat layer and preferably used

within a month.

Suitability of Isolated DNA in Downstream

Applications

To assess the purity of isolated DNA from the various

methods, the samples were used for PCR amplification of

16S rRNA gene (Fig. 3). The desired amplicon of 230 bp

in all lanes showed the suitability of isolated metagenomic

DNA for sensitive downstream processing. In addition,

restriction digestion by BamHI was also carried out which

showed complete digestion indicated by a smear on gel

(Fig. 4), indicating absence of impurities after purification.

In conclusion, our results will help in assisting the

selection of a suitable DNA extraction method for a

cFig. 1 Gel electrophoresis of metagenomic DNA isolated from stool,

fish gut, soil and milk samples. Metagenomic DNA was elec-

trophoresed on a 0.8% agarose gel, stained with ethidium bromide

and photographed in a gel documentation system. a Metagenomic

DNA isolation by method A. Lane M: Quick-Load� 1 kb Extend

DNA Ladder; lane 1: DNA isolated from stool sample; lane 2: DNA

isolated from soil sample; lane 3: DNA isolated from fish gut (silver

carp); lane 4: DNA isolated from fish gut (T. putitora); lane 5: DNA

isolated from healthy mother’s milk. b Metagenomic DNA isolation

by method B. Lane M: 1 Kb DNA Ladder RTU (GenedireX); lane 1:

DNA isolated from fish gut (silver carp); lane 2: DNA isolated from

fish gut (T. putitora); lane 3: DNA isolated from healthy mother’s

milk; lane 4: DNA isolated from soil sample; lane 5: DNA isolated

from stool sample. c Metagenomic DNA isolation by method C. Lane

M: Quick-Load� 1 kb Extend DNA Ladder; lane 1: DNA isolated

from soil; lane 2: DNA isolated from stool; lane 3: DNA isolated from

fish gut (silver carp); lane 4: DNA isolated from fish gut (T. putitora);

lane 5: DNA isolated from healthy mother’s milk. d Metagenomic

DNA isolated from healthy mother’s milk. Lane M and lane 5: 1 kb

DNA Ladder RTU (GenedireX); lane 1: DNA isolated from method

A; lane 2: DNA isolated from modified method B; lane 3–4: DNA

isolated from modified method C
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particular sample. We also offer an optimized strategy for

DNA isolation from milk, which is a relatively less studied

microbiome niche. In our observation, the manual method

has wide applicability and reproducibility in diverse sam-

ples and gives results in a time- and cost-efficient manner.

The commercial column extraction methods are specialized

for different samples and expensive but provide high

molecular weight metagenomic DNA. Exploration of the

complex microbiome associated with different hosts and

environment by genomics-based studies will offer greater

Table 1 Concentration of metagenomic DNA isolated from different human and environmental samples

S. no. Sample Methods Concentration in ng/ll (mean ± SD) 260/280 (mean ± SD) 260/230 (mean ± SD)

Method_A

1 Stool 141.9 ± 35.6 1.775 ± 0.06 1.285 ± 0.07

2 Soil 430.85 ± 82.80 1.665 ± 0.04 1.24 ± 0.16

3 Fish-gut (silver carp) 238.6 ± 64.48 1.7 ± 0.07 1.37 ± 0.07

4 Fish-gut (T. putitora) 92.1 ± 4.10 1.475 ± 0.50 1.15 ± 0.37

5 Milk 104.1 ± 36.48 1.72 ± 0.33 1.215 ± 0.10

Method_B

1 Stool 30.75 ± 7.99 1.905 ± 0.09 0.63 ± 0

2 Soil 561.3 ± 65.19 1.915 ± 0.07 1.55 ± 0.19

3 Fish-gut (silver carp) 271 ± 32.80 1.98 ± 0.09 1.11 ± 0.29

4 Fish-gut (T. putitora) 72.2 ± 23.75 1.42 ± 0.11 0.875 ± 0.13

5 Milk 168.095 ± 16.83 1.73 ± 0.06 1.31 ± 0.00

Method_C

1 Stool 964.95 ± 60.8 2.145 ± 0.02 1.89 ± 0.12

2 Soil 76.35 ± 20.7 1.66 ± 0.22 0.97 ± 0.00

3 Fish-gut (silver carp) 186.85 ± 6.15 2.025 ± 0.23 1.41 ± 0.38

4 Fish-gut (T. putitora) 56.6 ± 2.12 1.5 ± 0 0.98 ± 0.10

5 Milk 20.35 ± 7.51 1.60 ± 0.18 0.6 ± 0.46

sd standard deviation

Fig. 2 Assessment of different methods used for metagenomic DNA

extraction from different samples. The plot shows mean and standard

deviation

Fig. 3 PCR amplification of 16S rRNA of metagenomic DNA

isolated from stool, fish gut, soil and milk samples. The PCR products

were resolved on a 1.2% agarose gel, stained with ethidium bromide

and photographed in a gel documentation system. Lane M: 100 bp

DNA Ladder RTU (GenedireX); lanes 1–4; 16S rRNA gene PCR

amplification of DNA isolated by method A—soil, fish gut (silver

carp), fish gut (T. putitora), stool, respectively; lanes 5–8; 16S rRNA

gene PCR amplification of DNA isolated by method B- soil, fish gut

(silver carp), fish gut (T. putitora), stool, respectively; lanes 9–12: 16S

rRNA gene PCR amplification of DNA isolated by method C—soil,

stool, fish gut (silver carp), fish gut (T. putitora), respectively; lanes

13–15: 16S rRNA gene PCR amplification of milk DNA, isolated by

method A, modified method B, modified method C
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insights into the functional relevance of microbial com-

munity composition in different environments [30].
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