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Abstract

High-quality, humic-acid-free pure DNA is a prerequisite for functional and sequence-based approaches of metagenomics.
In the present investigation, an improved extraction buffer was developed by making a combination of powdered activated
charcoal (2%; w/v), polyvinyl poly pyrrolidone (2%; w/v), and CaCl, (2%; w/v). This trio significantly improved the purity
and yield of the metagenomic DNA from the hot spring’s hot and alkaline soil. The quality of extracted metagenomic DNA
was successfully validated by PCR amplification and restriction enzymes. Besides, the thermophilic amylase encoding genes
were also retrieved from these soil DNA samples. Extreme habitats I harbour low microbial biomass and, therefore, demand
in-situ lysis of the microbial cells to access their genomes. The protocol can potentially extract DNA from geothermal spring

habitats where the count of microbial cells is low.
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Introduction

Traditional cultivation approaches lose a significant chunk
of microorganisms of habitat due to their inability to simu-
late the environmental conditions in the laboratory (Stewart
2012). This count further reduces in extreme environments
where the microbial biomass is comparatively low over the
mesophilic habitats (Saxena et al. 2017). Geothermal hot
springs represent one of the unique extreme habitats popu-
lated by microbial communities that are highly heteroge-
neous and have unique properties that can be exploited in
the industrial sector (de Ledn et al. 2013; Ward et al. 1998;
Urbieta et al. 2014 2015). Several researchers have explored
the hot and alkaline spring sites for analyzing microbial
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diversity and retrieving industrially relevant catalysts such
as thermophilic carbohydrate degrading enzymes, lipolytic
enzymes, hydrocarbon-degrading enzymes(Lopez-Lopez
et al. 2015; Reichart et al. 2021; Saxena et al. 2017; Verma
et al. 2021).

Traditional culturing techniques are insufficient to iso-
late microbes from low microbial load soil of alkaline hot
springs; however, metagenomics have emerged as a robust
tool for providing new insights into microbial communities
harbouring in these extreme habitats. This non-conventional
approach for analyzing microbes bypasses the tedious cul-
tivation approaches of microbes on petri-dishes. It chiefly
relies on cloning the direct community DNA of an envi-
ronmental sample. Therefore, extraction of high molecular
weight, humic-acid-free quality DNA from the habitat is the
primary requisite of this technique. Soil DNA extraction is
more challenging than other environmental materials due to
the presence of humic acids (Solomon et al. 2016). Various
approaches developed in the past encountered the common
problem of humic acid co-precipitation with metagenomes
throughout the isolation process. Humic acid is of concern
because it interferes with downstream molecular biology
processes such as PCR and restriction digestion by inhibit-
ing the activity of Taq polymerase and restriction enzymes
(Wilson 1997).
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Previously, for metagenome extraction, many chemicals
such as Cetyltrimethylammonium bromide (CTAB) (Zhou
et al. 1996), Polyvinyl Poly Pyrrolidone (PVPP), Powdered
Activated Charcoal (PAC) (Desai and Madamwar 2007,
Verma and Satyanarayana 2011), Gel electrophoresis, and
CaCl,, Aluminium Chloride, and CsCl, density centrifuga-
tion were employed (Frostegérd et al. 1999; Leff et al. 1995;
Zhou et al. 1996). This paper aims to develop a procedure for
extracting high-molecular-weight and quality metagenomic
DNA from soil samples of hot and alkaline environments.
The previous protocols and commercial kits on soil DNA
isolation were assessed during this investigation on low bio-
mass exhibiting soil samples of hot springs; however, most
protocols compromise either DNA purity or its yield. There-
fore, an improved protocol was developed by incorporating
the CaCl,to extract soil DNA from hot and alkaline thermal
springs. Thus, obtained metagenomic DNA significantly
improved purity and yield from such extreme soil samples.
The protocol was also successfully validated for downstream
molecular biology processing, such as amplification and
restriction digestion. The developed protocol can extract
quality DNA from hot spring sediments and soils without
compromising the DNA yield and purity.

Material and methods

Chemicals used in this study were of molecular biology
grade and were obtained from Himedia, SRL, and Thermo-
Fisher. HiPurA Soil DNA Purification Kit (Himedia) and
Xpress DNA soil kit (Mag Genome) were also used.

Collection of soil samples

Sediments and soil samples were taken from two locations in
Tapovan hot springs; Uttarakhand (Longitude 30°2927.2"N
and Latitude 79°38'48.0"E) with temperatures of 88.8 °C
and 55 °C, respectively, and pH was 8.0. Samples were col-
lected with a sterile spatula and placed in sterile plastic bags
and tubes before being stored at 4 °C in the laboratory and
at — 20 °C for up to one year for further analysis.

Standardization of extraction protocol
for metagenomic DNA from thermal hot-spring soil

For the isolation and purification of metagenomic DNA
from sediments and soil samples, ten methods previously
published and their modified forms were used (Bashir et al.
2015; Biver and Vandenbol 2013; Devi et al. 2015; Singh
et al. 2014; Verma et al. 2021; Zhou et al. 1996). Three
kits [Xpress soil DNA Kit, HiPurA soil DNA isolation kit
(two alternate methods)] were also used in the current study
for comparative analysis. The optimized protocol was also
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attempted to extract metagenomes from other soil samples of
extreme environments (Chawalpani, Atri, and Manikaran).

Developed protocol for metagenome DNA extraction

For standardizing the DNA extraction protocol, all experi-
ments were run in triplicates. Sediment/soil samples of
5.0 gm were taken in triplicates into sterile 50 ml falcon
tubes and treated with 15 ml extraction buffer [100 mM
Tris—HCI: pH-8.0, 100 mM sodium EDTA: pH-8.0, 1.5 M
NaCl, 1% CTAB (w/v), 2% PVPP (w/v), 100 mM CacCl,,
lysozyme (10 mg/ml), Proteinase K (10 mg/ml), and
100 mM sodium phosphate buffer: pH-8.0]. Two grams of
poly-activated charcoal were added to the soil suspension.
This mixture was vortexed and incubated at 37 °C for 45 min
in an incubator shaker at 200 rpm. After that, 3.0 ml of 20%
(w/v) SDS was mixed into the soil solution and maintained
at 65 °C in a water bath for 1 h with intermittent mixing
every 15 min. The lysed cell soup containing genomic DNA
was centrifuged at 10,000 g for 20 min at 4 °C to collect the
supernatant. An equal volume of supernatant and phenol,
chloroform, and isoamyl alcohol (25:24:1; pH-8.0) solution
was centrifuged at 12,000g for 20 min at 4 °C to obtain the
aqueous phase. The DNA was precipitated by treating the
aqueous phase with 0.1 V of 3 M sodium acetate (pH- 5.2)
and 0.4 V of 30% (w/v) PEG-8000, followed by 20 min incu-
bation at — 20 °C. The precipitated DNA was obtained by
centrifuging the tube for 20 min at 14,000g at 4 °C, and it
was washed with 70% (v/v) ethanol and air-dried. The pel-
let was dissolved in 1 ml of 1X TE buffer (pH 8.0), where
an equal volume of chloroform and isoamyl alcohol (24:1)
solution was further added. As mentioned above, the aque-
ous phase was obtained, and DNA was precipitated by add-
ing 0.7 V of isopropanol and incubated at room temperature
for 20 min. Finally, metagenomic DNA was pellet out by
centrifugation at 14,000xg for 20 min at 4 °C. The DNA
pellet was washed with 70% (v/v) ethanol and air-dried and
dissolved in 50 uL 1X TE buffer (pH 8.0) and stored at low
temperature (4 °C or — 20 °C) for further analysis.

Estimation of DNA purity and yield

Standard agarose gel electrophoresis was used to analyze the
extracted metagenomic DNA, which involved loading equal
amounts of DNA and a marker onto the agarose gel (Sam-
brook et al. 1989). The purity and concentration of DNA
were determined using a Nano Vue plus spectrophotometer.
The yield of isolated DNA was determined by measuring
absorbance at 260 nm. The purity of DNA samples was
determined using the A 260/A 280 (DNA/protein) and A
260/A 230 (DNA/humic acid) ratios to assess protein and
humic acid contamination. A 260/A 280 ratio of less than
1.8 indicates protein contamination (Sambrook et al. 1989),
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whereas A 260/A 230 value of less than 2 indicates humic
acid contamination (Ning et al. 2009). On a 0.8% agarose
gel, DNA samples were visualized and electrophoresed at
70 V for 45 min. Ethidium bromide (10 mg/ml) was used
to stain the gel, and DNA was identified using a UV trans
illuminator (VilberLourmat).

Validation of the developed protocol
PCR amplification of 16S rRNA gene

To validate the methodology used in this study, the extracted
metagenomic DNA was used as a template for amplifica-
tion of 16S rRNA gene using universal bacterial specific
16S rRNA primers as Forward 5'-AGAGTTTGATCCTGG
CTCAG-3' and reverse 5'-GGTTACCTTGTTACGACTT -3'
(Srinivasan et al. 2015). The total reaction volume for all
samples was 25 pL, which included the master mix (Hime-
dia), DNA template-50-100 ng, forward and reverse primers
in 10 pmol concentrations, and molecular grade water to bal-
ance the volume of the reactions. The PCR amplification was
carried out using a thermal cycler (Eppendorf), and the opti-
mal amplification conditions were as follows: initial dena-
turation: 95 °C for 5-min, denaturation: 94 °C for 30 secs,
annealing: 58 °C for 30 secs, extension: 72 °C for 80 secs,
final extension: 72 °C for 10 min, and hold at 4 °C. DNA
from various published techniques was also used to amplify
DNA from the same soil samples for further comparison.

Restriction digestion of metagenome

1 pg of isolated metagenomes from TP-B and TP-D soil
samples were subjected to partial digestion with 1U of each
EcoRI, BamHI, and Sau3AI restriction enzyme using the
standardized procedure. The reaction mixture had a volume
of 20 pL, and an equal amount of extracted DNA (1 pg)
was digested with the respective enzymes at 37 °C for 1 h,
followed by heat inactivation in a water bath at 65 °C for
20 min. The undigested environmental DNA (eDNA) was
taken as a control.

Amplification of amylase gene using isolated
metagenome

PCR was performed for amylase gene amplification utilis-
ing metagenome of TP-B and TP-D with chosen primers
FP (5'-GGAGACAUATGAAACAACAAAAACGGCT-3")
and RP (5'-GGGAAAGUGGGGCAAAATAA AAAAAC
GG-3") (Nathan and Nair 2013) and run-in triplicate reac-
tion. The final reaction volume for two DNA samples was
25 pL, which included a master mix (Himedia), 50-100 ng
of DNA template, forward and reverse primers at 10 pmol
concentrations, and molecular grade water to balance the

volume of the reactions. The amylase gene was amplified
using a thermal cycler (Eppendorf), and the best conditions
for amplification were initial denaturation at 95 °C for 5 min,
denaturation at 94 °C for 30 s, annealing at 60 °C for 30 s,
extension at 72 °C for 80 s, final extension at 72 °C for
10 min, and holding at 4 °C.

Effect of storage conditions on yield of DNA

The isolated metagenomic DNA is stored at — 20 °C (in
triplicates), and the DNA concentration was measured for
up to 6 months. The absorbance of the samples from differ-
ent samples was taken at the wavelength of 260 nm (DNA),
230 nm (humic acid), and 280 nm (protein). The DNA con-
centration was calculated using the standard formula.

Statistical analysis

All extractions were done in triplicates and absorbance are
average out for 260/230 and 260/280 ratio calculations. All
the results were expressed as mean + standard deviation.

Results and discussion

Geothermal hot springs are one of those extreme ecosystems
inhabited by extraordinarily varied microbial communities
with unique features. Ward et al. (1990) used 16S rRNA
sequencing data to reveal numerous uncultured microorgan-
isms in hot springs and highlighted the problems with the
traditional culture methods. Panda et al. (2016) reported the
presence of many taxonomically novel unsolved 16S rRNA
gene sequences from alkaline hot springs of north-eastern
India (Panda et al. 2016). Hence, such sites have been proven
as a reservoir of novel enzymes, antibiotics, and other bio-
molecules (Lépez-Lopez et al. 2015). However, the merit
of this technique is marred by DNA yield due to low micro-
bial load from such habitats and the presence of polyphenol/
humic acid contamination which hamper the further use of
isolated metagenomes in restriction digestion, PCR amplifi-
cation and metagenomic library construction (Belkova et al.
2007; Singh et al. 2014; Robe et al. 2003; Whitehouse and
Hottel 2007). Hence having a good quality inhibitor-free
eDNA is imperative, and DNA isolation methods have high
importance (Siddhapura et al. 2010).

Various groups have developed several protocols in the
past two decades for the isolation of metagenome from
alkaline hot springs (Bashir et al. 2015; Biver and Vanden-
bol, 2013; Devi et al. 2015; Singh et al. 2014; Verma and
Satyanarayana 2011; Verma et al. 2017; Zhou et al. 1996).
In this investigation, seven previously reported protocols and
their modified forms, and kit-based protocols, were used to
compare the yield and purity of metagenomes obtained from
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two different soil samples (TP-B-88.8 °C and TP-D-55.5 °C)
of Tapovan hot spring. These soil samples differed from each
other due to their chemical elemental composition at differ-
ent soil depths and varying temperatures that may represent
diverse microbiota (Belkova et al. 2007; Miller et al. 2009).
Three chemicals (PAC, PVPP, and CaCl,) were incorporated
into the extraction buffer to remove humic acids. PAC is a
highly porous material with a large surface area and has
been successfully used to purify soil-based metagenomic
DNA (Arvanitoyannis et al. 2008). It exhibits a solid physi-
cal adsorption force and is an adsorber of contaminants/soil
impurities on its surface. At the same time, PVPP removes
the phenolic group containing humic acid by forming hydro-
gen bonds with phenolic substances and forming a PVPP-
phenol complex (Frostegard et al. 1999). Calcium ions of
CaCl,, being cation, bind to anionic functional groups of
polyphenols like- COO™ and OH™, thus preventing oxidation
of phenol groups containing humic acid to quinones. These
quinones form a covalent bond with the precipitated DNA
and cause a hindrance in the activity of restriction enzymes
and DNA polymerases (Verma et al. 2017). Verma et al.
(2017) incorporated CaCl, into the extraction buffer and
obtained quality DNA. However, the extraction buffer used
by Verma and colleagues was devoid of PAC and PVPP.
Therefore, to take advantage of the characteristics of PAC
and PVPP, these chemicals were added to the present inves-
tigation's extraction buffer. This way, a three-fold improve-
ment may be achieved to obtain the quality metagenomic
DNA from soil samples.

Comparative analysis of metagenomic DNA
extraction protocols for assessment of DNA purity
and yield

The quality and quantity of extracted metagenomic DNA
using the developed protocol of this investigation were com-
pared with the other reported methods of metagenome isola-
tion (Table 1; Fig. 1a, b). The developed protocol yielded
62.3 +1.52 ng/pL and 70.6 +2.08 ng/pL of DNA from the
respective soil samples. The purity ratios in both the sam-
ples were satisfactory as TP-B and TP-D showed the value
of Aygpns0 NM-1.65 and 1.67, respectively, while values of
Ajgo30 DM were 2.04 and 2.24, respectively. The values
of purity ratios and DNA yield are summarized in Table 1.

In comparison with the protocol of Verma et al. (2017),
better purity ratios (A,gngo—1.65, 1.67 and Ayg»30—2.04,
2.24) and DNA yield (62.3 ng/uL, 70.6 ng/uL) were
obtained from the developed protocol during this investiga-
tion. Similarly, the present findings were significantly better
than the protocol published by Verma and Satyanarayana
(2011), which does not consider CaCl, in their extraction
buffer. These DNA were from hot environmental soil sam-
ples (Table 1). The maximum eDNA yield was 62.3 ng/uL
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(TP-B) and 70.6 ng/uL. (TP-D) through the current protocol,
which was almost double the DNA yield (36.9 ng/uL (TP-B)
and 30.4 ng/uL (TP-D) from the respective samples using
the protocol of Verma and Satyanarayana (2011). The maxi-
mum yield of eDNA for both samples was given 249 ng/uL
(TP-B) and 232.5 ng/uL. (TP-D) by Biver and Vandenbol
(2013); however, the A,qyy3, ratio was low 0.48-0.6. The
current protocol gave a moderate DNA yield, and Hime-
dia kit protocols gave a low yield. However, the Express
soil DNA kit protocol gives moderate yield but low purity,
so it cannot be used for metagenomic library preparation.
The protocol developed by Zhou et al. (1996) and Biver and
Vandenbol (2013) provided high DNA yield;however, all
these protocols could not achieve the required purity of soil
DNA. The yield in these published protocols was high due
to the harsh detergents used in the study and did not follow
the double precipitation of DNA. However, such obtained
DNA is of no use and needs to be further purified either
using gel extraction or passing through silica-based columns
that further reduce the DNA yield significantly to achieve
quality DNA. The purity and quality of DNA by process-
ing soil DNA with commercial kits were poor compared to
manual methods. Thus obtained DNA cannot be processed
for metagenomic library construction due to further loss of
DNA in various steps involved (Singh et al. 2014; Verma
et al. 2017). Other protocols used during the investigation
to compare extracted DNA are presented in Table 1. These
show the significance of the PAC, PVPP, and CaCl,. The
developed protocol was reproducible on other soil samples
of extreme environments at the level of DNA yield and
purity (Table 2).

Validation of the developed protocol
PCR amplification of bacterial specific 16S rRNA gene

After the quality check, it was crucial to evaluate the
metagenomic DNA for its suitability in restriction digestion
and PCR amplification to validate the quality. Therefore,
the obtained DNA was processed for16S rRNA amplifica-
tion and restriction digestion. The extracted metagenomic
DNA from the existing protocol, as well as the previous
procedures stated, were employed for the amplification of
bacterial-specific the16S rRNA genes. Amplification of
16S rRNA gene using universal bacterial specific primer
showed an amplicon of size~1.5 kb using metagenome
isolated through optimized protocol from TP-B and TP-D
soil samples (Fig. 2). PCR amplification of the 16S rRNA
gene was also performed using metagenomes extracted
from previously published protocols and commercial Kkits.
Thick bands were observed from metagenomes isolated
through the developed protocol; however, no amplifica-
tion was found from DNA extracted through Bashir et al.
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Extracted
metagenomes

Fig. 1 Purity and yield assessment of metagenome isolated from soil
samples TP-B (A) and TP-D (B), using various reported protocols
and current protocol on agarose gel electrophoresis (0.8%). A and B:
L1-Zhou et al. 1996, L2-Biver and Vandenbol (2013), L3-Singh et al.

2014, L4- Himedia kit alternative protocol, L5-Current protocol, L6-
Xpress soil DNA kit, L7- Verma et al. 2017, L8- 1 Kb DNA Ladder,
L9- Devi et al. 2015, L10- Verma and Satyanarayana (2011), L11-
Bashir et al. 2015, L12-Himedia kit protocol-1

Table 2 Isolation of metagenome from various soil samples of other extreme environments using protocol developed in the current study

Soil samples (Place of collection)  Longitude and Latitude Soil pH/Temp (°C)  DNA yield (ng/ul)  Aygy/Asgg Aseo/Ars
Chawalpani (Madhya Pradesh) 22.585623°N and 78.60448°E 9.5/60-65 79+1.02 1.66+0.78  1.74+0.94
Atri Hot Spring (Odisha) 20.207485°N and 85.513426°E  5.5/55 70.5+0.09 1.65+0.56  2.04+0.88
Manikaran (Himachal Pradesh) 30.027378°N and 77.348088°E  8.0/~95 70+£1.12 1.67+0.36  2.09+0.76
*: Mean value of triplicate data; +: Standard deviation

A B

1.5kb 168
rRNA gene

Fig.2 PCR amplification of bacterial specific 16S rRNA gene using
universal primers. A and B: PCR amplification of 16S rRNA gene
products of soil samples TP-B and TP-D isolated using various pro-

(2015) and Devi et al. (2015). Faint and thin bands were
observed from metagenomes recovered from Singh et al.
(2014), Verma et al. (2017) and Verma and Satyanarayana
(2011) because of the presence of a low concentration of
humic acid impurities along with the metagenome. Various
researchers have adopted similar approaches to validate the
metagenome quality (Singh et al. 2014; Verma et al. 2017).
DNA isolated using protocols of Singh et al. (2014), Verma
and Satyanarayana (2011), and Verma et al. (2017) have also
been used as a template for PCR amplification; however, the
titres/intensities of the amplicons were comparatively less
due to the presence of humic acid substances. Metagenomes
obtained from Bashir et al. (2015) and Devi et al. (2015)
exhibited a significantly high content of humic impurities,
hence 16SrRNA genes were not amplified even after dilution
(Fig. 2). The humic acid chelates the required metal ions. It
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tocols- L1- Current protocol, L2- Verma et al. 2017, L3- Verma and
Satyanarayana 2011, L4- 100 bp DNA ladder, L5- Devi et al. 2015,
L6-Bashir et al. 2015, L7-. Singh et al. 2014

thus inhibits the optimum activity of various enzymes (Sid-
stedt et al. 2015).

Assessment of quality of extracted eDNA
for molecular techniques

Restriction digestion of eDNA for the construction
of a metagenomic library

The extracted eDNA quality was also validated using
restriction digestion. Metagenome isolated from other pro-
tocols from the same soil samples was hard to digest and
showed hindrance in the activity of the respective restriction
enzymes (Fig. 3a, b). Because the improved methodology
yields a metagenome free of humic acid content, restriction
digestion of metagenome from soil sample TP-D yielded a
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Undigested
Metagenome

Fig.3 Quality assessment of extracted metagenomic DNA using
BamHI restriction digestion on 1.2% of Agarose gel electrophore-
sis. A and B: Undigested and digested metagenome from soil sam-
ple TP-B isolated using different protocols. L1 and L2- Singh et al.
2014, L3 and L4-Verma and Satyanarayana 2011, L5- 1 Kb lambda

3kb
Amylase 1.5kb
gene (1.5
kb)
500 bp
100 bp

Fig.4 Validation of purity of extracted metagenomic DNA by PCR
amplification of a-amylase gene for molecular cloning. L1- Amylase
gene amplified using metagenome TP-B, L2- Amylase gene amplified
using metagenome TP-D, L.3-100 bp DNA Ladder

smear of digested small DNA fragments using three differ-
ent enzymes EcoRI, BamHI, and Sau3AI and was found to
be suitable for the construction of a metagenomic library
(Fig. 3c). Hence, the developed protocol can potentially
remove the humic acid substance to a significant level that
does not hinder the activity of restriction enzymes. Humic
acid chelates the various divalent metal ions, thus trapping
the activity (Sidstedt et al. 2015; Tebbe and Vahjen 1993).
Several metagenome-based protocols follow such validation
to check the quality of DNA (Singh et al. 2014; Verma and
Satyanarayana 2011).

PCR amplification of a-amylase gene

To further check the significance of the extracted metagen-
omic DNA applicability in retrieving industrially impor-
tant enzyme coding genes, we successfully amplified the
thermo-alkali-stable amylase encoding genes from both the
eDNA sample (TP-B and TP-D). The amplicon of 1.5 kb was
visualized on an agarose gel (Fig. 4). A thermostable alpha
amylase gene was also amplified from eDNA of Atri, Odisha
hot spring and further cloned and sequenced (Chauhan et al.

Undigested DNA

Digested
Metagenome

DNA marker, L6 and L7- Verma et al. 2017.C: Undigested and
digested metagenome from soil sample TP-D using Current protocol.
L1- 100 bp DNA ladder, L2- Undigested metagenome, L3- EcoRI
digested DNA, L4-BamHI digested DNA, L5-Sau3AlI digested DNA

2023). Impure environmental DNA is prone to degradation
over time due to humic substances and other polyphenolics.
It thus needs to be processed at the earliest after their extrac-
tion. DNA yield of extracted metagenomic DNA of TP-D
and TP-B showed an insignificant loss in DNA on their stor-
age at low temperatures (— 20 °C). The TP-B and TP-D
samples retained 100% DNA content up to the fifth month
and 96.8% and 98.5% of the total DNA after the storage of
6 months at — 20 °C, respectively (data not shown here).
Thus, the developed protocol is convincing enough and pro-
vides a way to achieve high-quality metagenomic DNA of
extreme habitats like thermal geysers and hot springs with-
out compromising its DNA yield and purity.

Conclusion

The PAC, PVPP, and CaCl, developed in the present inves-
tigation offer an alternative to extracting humic acid-free
metagenomic DNA from extreme environmental samples,
especially soil. The protocol has significance because we
were simultaneously achieving high DNA yield along with
their purity, which is usually missing in most of the previ-
ously published protocols and commercial soil DNA Kkits.
As the protocol relies on direct lysis of the samples, the
extracted metagenomic DNA could be a good representative
of various microbial communities, which is highly required
in the metagenome-based study to avoid sample biasing. The
protocol was successfully validated by various restriction
enzymes and DNA polymerases and thus can be explored for
various molecular downstream processing such as shotgun
sequencing and metagenomic library construction.
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